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FOREWORD

This work was accomplished in-house by personnel of the Stability
and Control Branch, Aeromechanics Division, Directorate of Airframe
Subsystems Engineering, Systems Engineering Group, Research and Tech-
nology Division, which has become the Flight Stability and Control
Branch, Flight Technology Division, Directorate of Flight Systems
Engineering, Deputy for Engineering, Aeronautical Systems Division,
ASD/ENFTC. It is applicabie to aerospace systems. The initial part of
the work was done between 1 January and 15 February 1965; since then,
the computer programs have undergone several major revisions to reach
their present status. Earlier versions were supplied to Lockheed-
Georgia, Martin-Baltimore, NASA-Langley and AFFTC, Edwards Air Force
Base. The digital work was done at the open shop facilities of the
Systems Engineering Group.

The efforts of Mr. Paul Pietrzak in laying the basic foundation for
this work are greatly appreciated, as well as the efforts of Miss Carol
Scherer for her aid in digital programming and mathematics, and of Myr.
Herbert Hickey for his aid in selecting handling qualities parameters.

This report, SEG-TR-66-52, was submitted by the original author,
John H. Griffin, during October 1966 and was reviewed and approved by
Richard H. Klepinger, Chief, Aeromechanics Division, Directorate of
Airframe, Subsystems Engineering.

Report SEG-TR-66-52 was revised by members of the ASD Reserves for
AFFDL/FGC to reflect numerous changes that have occurred in the computer
program since the original report was written.
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1.

LIST OF SYMBOLS

DEFINITION OF ALPHABETICAL SYMBOLS

A

(i)

gs
gc

"

amplitude, degrees, degrees/sec, radians, radians/sec
coefficient of an equation
Tinear acceleration along the ith axis at the C.G., ft/secz

ai at a distance 1x from the C.G.

ay at a distance YX from the C.G.
speed of sound, ft/sec
coefficient of an equation

span, ft

coefficient of an equation
center of gravity

mean aerodynamic chord, ft

aerodynamic coefficient, per radian or per degree
(i=L,D,1,mn, ...)

derivative of an aerodynamic coefficient C. with
respect to a function of a variable j

drag, 1bs
coefficient of an equation
coefficient of an equation
2.71828
force, 1bs
freguency, w/2r, cycles per second
function of i
acceleration of gravity, ft/sec2

(g/Uo) sin I

(g/UO) cos T,

o

vii
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LIST OF SYMBOLS {CONTINUED)

h = altitude, ft
h = moment of momentum, ft-1bs-sec
j = summation index
1 = moment of inertia, s]ugs-ft2
Ix = moment of inertia about the x-axis, slug ft2
Iy = moment of inertia about the y-axis, slug ft2
Iz = moment of inertia about the z-axis, slug ft2
Xz = product of inertia about the xz-axes, slug ft2
IiI = moment of {nertia about the 1th input axis
iw = wing incidence angle, degrees
b = summation index
j = /1
K = gain
Kd/Kss = Dutch roll excitation parameter
k = constant
Li = dimensional stability derivatives, roll axis
L% = primed dimensional stability derivative, roll axis
L = 1ift, 1bs
Lu = change in 1ift due to change in angle of attack, Tbs/deg
1x = distapce from CG to point at whjgh acceleration transfer
function will be measured, positive forward, ft
2,1 = rolling moment, ft-lbs
m = pitching moment, ft-1bs
Mi = dimensional stability derivative, pitch axis
M = Mach number
m = mass, slugs

viii
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mil

LIST OF SYMBOLS (CONTINUED)
1 mil = .0573 deg
normal force, positive toward top of aircraft, lbs
load factor
any positive integer
yawing moment, ft-1bs

load factor response to change in angle of attack

dimensional stability derivative, yaw axis
primed dimensional stability derivative, yaw axis
period of an oscillation, sec.

roll rate, radians/second or degrees/second

roll helix angle, radians

the first maximum value of roll rate in response to a
control step input

the first minimum in roll rate following the first maximum
in roll rate in response to a control step input

pitch rate, radians/second or degrees/second
dynamic pressure, 1bs/ft2
yaw rate, radians or degrees per second
reference area, ft2

Laplacian operator

thrust, 1bs

undamped Dutch roll mode period, sec

damped Dutch rol1l1 mode period, sec

time to bank to ¢° of bank angle, sec

ix
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LIST OF SYMBOLS (CONTINUED)

t = time

UD = initia! longitudinal velocity along the axis of the
stability axes, ft/sec

u = perturbation Tongitudinal velocity, ft/sec

) = total velocity, ft/sec

v = perturbation side velocity, ft/sec

W = gross weight, Tbs

W = total vertical velocity along Z axis of the stability
axes, ft/sec

W = perturbation vertical velocity, ft/sec

X = axial force, positive forward, 1bs

Xi = dimensicnal stability derivative

X = reference axis or direction

y = gide force, positive te pilot's right, 1bs

Yi = dimensional stability derivative

y = reference axis or direction

Z = -N

Zi = dimensional stability derivative

z = reference axis or direction

Z, = perpendigu]ar digtgnce in the X-Z plane from the CG to the
thrust 1ine, positive down, ft

o = angle of attack, positive nose up, degrees

.ops G0y = reference axis angles, (A=aero, I=inertial, X=output)

a, = wing angle of attack, degrees

B = angle of sideslip, positive nose left, degrees

LByax maximum sideslip excursion occurring in 2 seconds or one-

half the Dutch roll period, whichever is greater, for a
step aileron input, degrees
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LIST OF SYMBOLS (CONTINUED)

T = flight path inclination angle, positive up, degrees

A = denominator of a transfer function

Y = perturbation flight path angle, degrees

8 = control defiection, radians

Sa = roll control deflection, positive when producing right
wing down rolling moment

6r = directional control deflection, positive when producing
positive side force and nose right rotation

L = damping ratio

4 = damping ratio of the ¢/6a transfer function numerator

¢ quadratic

8 = pitch attitude, positive up, degrees

E = angle between body and thrust axes, positive for thrust
component up, degrees

T = 3.1416

P = air density, s]ugs/ft3

o = real part of complex root, 1/sec

T = time constant of the ith mode of motion, time to 0,63
amplitude, seconds (i = R, §, etc.)

¢ = bank angle, positive right wing down, degrees

]@|/|B| = magnitude of the ratio of the free Dutch roll oscillation

in bank angle to the free Dutch roll oscillation in sideslip

Y = heading angle, positive nose right, degrees

WB = phase angle of the Dutch roll oscillation in sideslip., degrees

wp = phase angle of the Dutch roll oscillation in roll rate, degrees

wp/ = phase angle between the free Dutch roll oscillations in roll

B rate and sideslip, degrees
W = frequency, 2nf, radians per second
w = imaginary part of complex root, radians/sec

xi
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“DR*“npR *“p

w
dpR

e ol
SP nSP

Yo

Subscripts

0 =

LIST OF SYMBOLS (CONTINUED)

undamped natural frequency of the Dutch roll mode,
radians/sec.

damped natural frequency of the Dutch roll mode, radians
per second.

undamped natural frequency of the short period mode,
radians per second.

undamped natural freguency of the @/8a transfer function
numerator quadratic, 1/sec.

initial condition

sequence of sum variable
one half

double

one tenth

ten times

aileron

acceleration

closed loop

Dutch roll mode {(also DR)
denominator

elevator

equivalent {as in Ve)
altitude

any independent variabie
any independent variable
numerator

natural

natural damped

Xxii
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Subscripts {Concluded)

p = phugoid mode
p = roll rate
q = pitch rate
r = yaw rate (1/rr as in yaw rate transfer function)
R = rudder {as in GR)
R = roll mode {as in TR)
RPM = revolutions per minute {engine speed)
S = spiral mode (as in TS)
SB = speed brake
sp = short period mode
T =  thrust
u = Tongitudinal velocity
v = side velocity
W = vertical velocity
X,¥, and z = reference axes
§ = control deflection
os¢ = oscillatory portion of component of an airplane response to a

step control input

av = average response of an airplane to a step contrel input

Superscripts
()
()
(")

3

time rate of change

prime

caret - { }/u

0

Other nomenclature is defined at the point of use.

xiii
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SYMBOLS (CONTINUED)
2, DEFINITION OF AERODYNAMIC COEFFICIENTS

D
o] = s _L-
°ou ac e 3
M y %p c
' = -—C s : M b L
o, 2 Dy 273, cLu T GLM AT
e « %o il
DM aM CL" h oM
Dg éa “e® Ia
. . JCD BCL
D. ac c . = =
@ L Era L
(25;) 4 )(‘%};)
CD . acP BCL
a H(aE ®La” et
q ac
(2 o] 0 2”0)
ac ac
Cn = —=R : —t
D -
8. 03. cl-a. 33'
z, T
Cmy * §s¢ Cn: ':T
S Yy dc,,
m, 2 ™M 2 9. C, = ‘T’:-, positive oft
aCp,
M oM Cy =
LA T
9Cm ac
c"‘a oa C,,. 3 —
ac » o8
m
Cms © — ac
d (y_) Coe = y
2u Y/ A
° o 3(23‘,)
m, - 3 = y
oz, )
o U,
oc,,
ac
c..a.- 23, " Cy = :
p a(.?.....)
2Ug
ac
y
°13 B .3

xiv
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SYMBOLS (CONTINUED)

Ch s "i-";—b Ce® ﬁ%b
oc ¢,
Ch * - c, = —
B 98 g 3B
c ac e = acy
RN Y Y
2y, 2Up
ac, _ BCI
b, o) %, * o
20, FTR
acn c ac!
Cn = -l E
P b P ot
a(zuo) a(zu
éc, ac!
Crg® 23 ‘" T8
~-pSU -pSU,
Xu g —m—q-(CD + — CD“‘ za. & zm
pSY, PSUT
x\! ® 2m (cL = ©Cp,!? M, = 1,y
-pST¥ pSUT
xy = == 1tcp Ve * 3,
-pSUT pSt
xq s am (CDql M, = 41’,
P
~PSY, pSUL
X, * (c ) M, =
8, 2m O3, Q 41,:
-pS M pSYT
z z (C + =C ) M, =
u L7 T2™h, 8, 21,
'Psuo
Lo * T Gt %!
~pSc
Z'-' L am (ch,

~-pSu,c
A

Xy
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2
pSU b
pSU,b2
pSU_bZ
pSY, b2

pSuly

*xvi

L
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SYMBOLS (CONTINUED)
3. CONVERSION OF COMPUTER SYMBOLS TO ENGINEERING SYMBOLS

A=A coefficient of an equation CAYP = Cg
Y
AAYP = Aa' B = C
Y 3
=
AB = A ¢ L
CLA = C
AH = A Ly,
CLAD = C
ALFAR = o, 1dt
ALFAI = oy CLB = C]
ALFAX = ay 8
ALPHA = a, angle of attack CLBD = Clé
ANGLE P/B = § P/B CLOA = €,
§
= A
AP 5
AR = Ar CLDE = CL<S
AT = Ae
= CLDR = C
AU = A 1,
AW = A
! o= ¢
AZ = a, M
B = Bi’ coefficient CLP = G4
P
B = b, span
CLQ = CL
BAYP = Ba' q
! CLR c
BB = BB ]Y‘
Bp = B MT = €
P Mhrust
BR = Br
CNB = Cn
B(T) = &(t) a
C = C, coefficient CNBD = C
ng

xvii
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CNDA

CNDR

CNP

CNR

CX

CYB

CYBD

CYDA

CYDR

cyp

CYR

DAYP

DB

DBMAX

DP

DR

EAYP

FAYP

ABMAXIUNIT STEP
D
P

Dr

E, coefficient

E.
Ay

Fo
a
Y

G
GAMA
GWT
IX
IXB
IX1
IXS
IXZ
IXZ1
1Z
171

KB
KBR

KBS

KD/KSS
KP
KPR

KPS

LA
LB
LBD
LBDP

LBP

xviii

SYMBOLS (CONTINUED)

g, acceleration of gravity
r

W, gross weight

IX

(Ix) body axis

Iy

(Ix) stability axis
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LA = L
a
LDAP = L.
tsI:\
LR = L,
LORP = L}
LP = L
p
Lpp = L.
p
LR = L.
LRP = L)
X = 1,
MAC = ¢

MACH = Mach number

MD = M

5
MKBPDR = |K.
MKPPDR = |K.

MU = M,
MWD = M.
NB = N,
NBD = NB
NBDP = N
B

Bor

SYMBOLS (CONTINUED)

NBP

NDA

NDAP

NDR

NDRP

NP

NPP

NR
NRP

P2/P1
PHIA

PHI OSC/PHI AV
POSC/PAY

PSIB

PSIBP

PSIP

P(T)
RHO
S
SPAN

Xix

Sw (reference area)

b
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TDDR

TCR

T0T

TR
TS

1/TR

1/TAYI

VE

WDDR

WDR

WP
WPHI/WDR
WSP

XQ

xu
YB

YBD

n

Vequiva]ent
W
dor

“pR

SYMBOLS (CONCLUDED)

XX

YDA

YDR

YP

YR

D

ZDR

Zp

ISP

T

ZW
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SECTION I

INTRODUCTION

During the initial design phases of an aircraft or missile system,
the aerodynamic characteristics of the airframe can be estimated to
determine whether or not.the approach being taken to meet the design
objectives is correct. As the design progresses, the data must be
more refined with more accurate airframe characteristics. The preliminary
estimation methods are no longer acceptable. The methods for calculating
the airframe characteristics used in defining the handling-qualities
parameters for the final design are long and complex. In fact, they
are so much so that a computer analysis is a necessity for today's systems.
Therefore, these computer programs have been prepared for the solution of
the longitudinal and lateral~directional equations of motion, each a
separate entity and each consisting of three degrees of freedom. These
computer programs are presented in this report. The Tongitudinal and
lateral-directional modes are assumed to be uncoupled and the equations
are linearized.

Handling-qualities information was a prime regquirement for this study.
When the equations were solved and programmed. therefore, considerable effort
was devoted toward decreasing the amount of time spent in calculating such
parameters as wn/Lm’ nza, ¢/ve, and w¢/mD. Many handling-qualities

parameters are presented, but many others had to be excluded because a
tremendous amount of input data would be required to define all the
parameters. The two computer programs presented herein are complete
Fortran IV programs.
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SECTION 11
DISCUSSION OF EQUATIONS OF MOTION

The derivation of the equations of motion is based on the classical
method -- Newton's laws of motion referenced to an axis fixed in space.
Newton's laws state that the force acting on a body is equal to the
time rate of change of momentum, and the torque applied to the body is
equal to the time rate of change of the moment of momentum. This can
be stated mathematically for the reference system shown in Figure 1 as

follows:
(1)
SF t 5 (mU) o
EFy s %- {mv)
TF, = & (mw) (3)
dh
It o= o (4)
ZM = dTh,l
dh (5)
ZN = -af'
(6)

This report will proceed no further with the fundamental derivation of
the equations of motion; numerous reports have treated this subject, such
as Reference 1. Further discussion in the use of these equations is
broken into two sections, longitudinal and lateral-directional.
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~
x‘\ U

Figure 1. Reference Inertial Axis and Associated Airframe Motion

T.  LONGITUDINAL MOTION

The linearized Tongitudinal equations of motion are EFX, EFy, and IM
(Appendix A, Equations A-1, A-2, and A-3). The equations apply to an
operating point in steady unaccelerated flight. To define the basic air-
frame characteristics in terms of mode damping and frequency, etc., the

characteristic equation is derived (see Appendix A) with the final form

Ag*+Bg*+Cg* +Dg+E =0 (7)

The: soTution to this equation yields four roots. For the most common case,
the solution is in the form

(s* +20wastwy’ iy (s®+2bw,s+wp’ )y, (8)

where the subscripts p and sp represent phugoid and short period modes,
respectively. The characteristics (z and w) specify the controls-fixed
motion when the airframe is subjected to a unit impulse at t = 0.
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Once the coefficients of Equation 7 are calculated, the roots of the
equation can be extracted by using the standard airframe approximation
{References 1 and 2), by either Lin's method or an equivalent method of
factoring or by a digital computer. Lin's method is long and tedious,
even if certain simplifying assumptions cam be used. To complicate
matters, the performance values for most of today's aircraft do not Tie
within the range of validity for the approximations used in previous studies
(Reference 2), which would make this method ineffective. A computer
solution, however, is a very practical answer to the problem because:

(1) many flight regimes can be examined in the same amount of time that
previousiy was required for one, and (2} the exact values for the roots and
characteristics are found. The computer programs presented in this

report are written to yield the exact solution.

The solution to the characteristic equation yields much information
about the airframe, but more information is provided if specific control
inputs are used by solving for the transfer functions of the airframe.
Three basic transfer functions are derived in Appendix B. These are
u(s)/ﬁe(s), e(s)/ae(s), and u(s)/ae(s). These transfer functions not
only provide valuable information for design and optimization of the
automatic flight control system but are a source of handling-qualities
information. As an example, several reports (References 3 and 4) discuss
the importance of the time constant in the numerator of the pitch attitude
to elevator defiection transfer function.

From the three basic transfer functions o, 6, and u, many others can
be derived. For example, rate of climb, altitude, and vertical acceleration
responses can easily be derived by combining these three basic transfer
functions. The altitude per delta elevator transfer function is included in
the program for the longitudinal transfer functions; this program can be
used as an example for deriving the others.
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Assuming that u(o+) = e(o+) = w(o

the equation for rate of climb is, for sin T = I:

heol

But U = U0 +uand T TO + v so*

h (Ut ult gty =y T+ Lutu, y
However, with ¢ = 0, v = 6-a, 50
Letting o = w/UO, Equation 11 becomes

"'|= U°r°+r|ou-w+U°9

Taking the Laplace transform yields

I
shis) = 2920 4 T uis)-wis)+U, §1s)

The conditions for the altitude transfer function presented in the
computer program are I' = 0, and initial steady flight at the operating

0
point. Thus, Equation 13 can be expressed as

his) = ( u. is) _ wis) )
shis oSt~ Bisy /O

and M) 40 the general form
S (s} Sis) J

Now, exprassing

Ais™+Bis™ '+
Ash s 4

one can write (note the free s in the denominator)

h(s) _ Ah$3+Bhsz+chS+Dh
Bis) stAs*+Bs®+Cce?+Ds+E)

(10)"

(11)

(12)

(14)

(16)

*The term uy is neglected because it is the product of small perturbations.
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where the numerator coefficients are combinations of the 8(s)/s(s)

and w(s}/&(s} transfer functions and the denominator coefficients are
from the longitudinal characteristic equation.

The numerator coefficients are
Apt -2y (17)
Bp = XgZu+Zg(Xy+Mg+UoMi) —Mg (UoZyy+Zq) (18)
Ch* XgiMqZy=M,Zq+VUgZuMw—MuUpZw)

+ Zg (M Xg=XyMg+MyUo Xiy +UoMu = Xy UMy

+ Mg (XuZq=ZuXq+XuUoZiw=ZyUoXw~ UoZw! (19)
Dp * Xg{ZuUoMw=MyUoZu)

+ Zg(—gMy=Xy Uo Mw+MyUg Xy)

+ Mg lgZy+XyUoZy=2ZyVo Xw) (20)

and are valid only when Ty = 0.

The coefficients of the denominator, or characteristic equation,
are as follows:

. — . (22)
B = _A(xU+Mq)-Z*—Mw(Uo+2q) zl'x*
C = Xy[Mga+Zy+ M (Uo+2Zq)] ~ My [xatuo+zq)+qu]

+MqZy+ZulXyMg—Xw=MiXq) +My g sin To— My (Ug+Zq) (23)
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D = gsin[oiXyMy+My =X My)+gcosTH(Z, M, +M A)
+Mu[xqz,.—x,tu°+zq:]+zuqu,,—u,,xq)
+x.,[u.(u°+zq1—uq z.] (24)

E = gcos [g(ZyMy=MyZ ) +g sin oM, X, —MyX,) (25)

The rate of climb and the acceleration transfer functions can be found from
the attitude transfer function, by successive differentation

\ N
S N h t.' s h (., s 'h 26
Nit) » 15; lhl.*iﬁ:i s ]ﬁ;i (26)

The result is to remove a root of zero. For acceleration, there are two
additional poles at zero in the transfer function for acceleration at the
center of gravity (CG), but for the case where acceleration is desired at a
specific point on the aircraft, the a, transfer function becomes different
from an s multiple of Nh. For acceleration at some point different from

the CG where a, = -h
CG
(a, is positive downward).
S0
azls) _ -s'nis) _ s"£y81s) (28)
Sts) B(s) 8ts)
or
azist _fwis) _,, Bis) _, Gis)
3is) ¢ ( 8(s) Vo Sis) £x 3(s} ) (29)

This transfer function is programmed but is printed out only when Ly is
different from zero.



AFFDL-TR-78-203

Some of the more subtle characteristics of the equations are:

1) They cannot be used to obtain the basic airframe characteristics
while the aircraft is in a steady pull-up and the load factor is greater
than 1.0 because the terms involving Qo have been deleted. While it
would be desirable to determine the airframe's characteristics under
load, even if the equations could accept the necessary inputs, the
aerodynamic coefficients would have to be corrected for aervelasticity
under load.

2) Initial conditions of any angle greater than 15 degrees inject
errors of greater than 1%. For the sine error at 15°

15/757.3-sini5°
= = 1.13%
% error 157573 3% (30)

For the cosine error at 15°

_ ) — cos 15° - 3.53%
% error = “cos15° . (31)

The tangent error is -2.36%. Thus the small angle assumption
injects as much as 3.5% error at 15° of a, or FO, which should be the
maximum error in any of the ajrframe characteristics. This is not
considered an unacceptable level of error since aircraft flight angles
are generally less than 15° and the basic aerodynamic data is seldom

accurate within 3%,

3) The equation cannot be used for time and motion studies involving
large angles because both small angles and small perturbations were
assumed and these may not be small during a dynamic simulation.

Programming for the longitudinal equations is discussed
further in Section III.
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2. LATERAL-DIRECTIONAL MOTION

The lateral-directional equations of motion are derived from IF ,
IL, and IN and are presented in Appendix C as Equation C-1, C-2, and
C-3. The characteristic equation, which 1s a quintic, (with a root
at s = 0) and the transfer functions are derived in the same manner as
the longitudinal equations or motion.

The three basic transfer functions are B(s)/8(s), ¢{s)/s(s), and
r(s)/8(s), where r(s)/&(s) 1s sy(s)/8(s). A fourth transfer function
a}(s)/a(s) is also included and 1s similar to az(s)/se(s) in that it
is derived from the three basic transfer functions (see Appendix II).
The transfer functions are presented for both control deflections,
j.e., aileron and rudder.

One primary handling-qualities parameter, the w¢/mD ratio, is
calculated from the Dutch roll frequency and the frequency of the
numerator of the roll angle transfer function. No approximations
are used (see Appendix C).

Two of the three equations are selected and solved simultanecusly
for the ¢ to B ratio. Since this is a complex vector (or phasor), the
magnitude |¢|/|B] is the square root of the sum of the squares of the
real and imaginary parts of the numerator and demoninator. This is
shown in detail in Appendix C}.

Time to 1/2 amplitude and time to double amplitude for the roll
and spiral modes are not calculated. These calculations could be inserted
at the expense of time and effort, but they are straightforward and are
easily calculated. For the value of T”2 or Tz' for an aperiodic mode,
simply multipty the time constant by 0.693. The derivations are given
in Appendix D.

3. ASSUMPTIONS FOR THE EQUATIONS OF MOTION

1) The airframe is assumed to be a rigid body at constant mass
and inertias.

2} The earth is planar and fixed in space, and the earth's atmos-
phere is fixed with respect to the earth.
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3) Rate of change of mass with respect to time is zero.
4} The XZ plane is a plane of symmetry.

5) The disturbances from the steady fiight condition are sufficiently
small to neglect products and squares of the changes in velocities when
compared to the total values. Also, changes in air density during a
disturbance are zero.

6) The airframe is initially wings level, and the only nonzero

initial velocity is Uo' (Vo = Wo = [ defines stability axes; but in

some lateral-directional options, output is provided in any desired
symmetrical body areas.

7} Vehicle motions are slow enough that unsteady aerodynamic
effects can be ignored.

8) Longitudinal motion does not induce lateral-directional motion.

9} The change in thrust with respect to velocity is linear.

10) No atmospheric disturbances occur. In the presence of a steady
wind, motion is calculated with respect to the air mass.

10
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SECTION III
DISCUSSION OF THE COMPUTER PROGRAMS

Two separate computer programs are shown, one for the three-degree-
of-freedom longitudinal characteristic equation and five transfer functions,
and one for the three-degree-of-freedom lateral-directional characteristic
equation and four transfer functions. Both programs are written in
Fortran IV language for the CDC 6600/CYBER 76 computers. The programs
contain the Fortran subroutine DMULR (double-precision MULER) which is used
to calculate the roots of the equations. In addition, the longitudinal
program contains a Fortran subroutine called FRQCK {Frequency Check).

The forms for the inputs and outputs of the two programs are similar and
the same basic programming method was used.

1. LONGITUDINAL PROGRAM
a. General

The longitudinal program accepts data in several forms, and
outputs in the form of airframe characteristics and transfer functions.
The roots of the equations, associated mode time constants, damping,
and frequency, and the coefficients of the equations are also printed
on output. An example of the output is shown on pages 103 through 110.

The following step-by-step explanation of what the program does
will help to explain the program's operation, input, and output.

(1} To run the program, prepare a set of aerodynamic data
of the type shown in Table 1. Column 4 of Table 1 lists the data
jdentification numbers associated with each data type; the identification
number for the specific data type must appear in Columns 1, 2, and 3 of
the first data card for each run. For further explanation of the input
data card, see Figure 3.

11
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TABLE 1

LONGITUDINAL INPUT DATA

Data Iden-
tification
Data Type Units Axis Number Option
Dimensional ft, sec, radian | stability 000
Nondimensional | all per radian stability 100
all per degree stability 101
o, & per degree | stability 102 Derivative mix
&, q per radian
all per radian stability 105 Namelist
all per degree stability 106 Namelist
o, & per degree | stability 107 Namelist
&, q per radian
all per radian body 110
all per degree body 111
o» & per degree | body 112 Derivative mix
&, q per radian
all per radian body 115 Namelist
all per degree body 116 Namelist
a, 8 per degree | body 117 Namelist

G, g per radian

Coupling numerators are obtained by adding 5 to the first digit of the
data identification number; for example, 500 is the new data identifi-

cation number for dimensional stability data in radians.

32
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{2) The data are read and converted, if necessary, to dimen-
sional stability axis data. The input data and the dimensional data are
printed on output to allow a rapid check for errors in the input data.
Printing the input data and converting it to the proper form takes
the first 170 cards {see the program listing).

(3) The next operation is to calculate the coefficients of

the denominator (characteristic equation) and then to call the sub-

th

routine DMULR to calculate the roots of an n™ order equation.

A feature of this subroutine is that the actual location of
the root in the complex plane is found for both the first and second
order factor. For example, a first order factor has the form

Iy.
and the solution or root is
s = —-%- (33)

It is in the Tatter form that DMULR calculates the solutions. Complex
pairs are in the form

s —Lwgtwy S1-L° | (34)

when the values for the roots are printed on the output sheet.

The first order factor root will be printed as seen in Equation 33.
Thus, negative roots are stable because they lie in the left half of
the complex s-plane.

13
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(4) After the roots are printed out, the program must choose
the proper flow sequence in which to print the characteristics (7, w,
1/7, CI/Z’ etc.) in the proper place with the proper labeling. Once
the proper flow has been chosen, the program calculates the basic
airframe characteristics for the output. Choosing the proper flow
sequence and calculating the values on the first page of the output
uses cards 243 through 344 plus the subroutine frequency check,
FRQCK. FRQCK is used for the case in which one of the normally
second-order modes of the denominator (short period or phugoid) com-
bines into two real time constants instead of the classical complex
conjugates. Frequency check then compares the frequency of the one
remaining second order mode with that of the normal velocity transfer
function numerator. The theory herein is based on the knowledge that
the short-period-mode variables are primarily « and 9, while the phugoid
mode varijables are u plus 8 or I'. During a longitudinal oscillation,
normal velocity will vary because of the phugoid contribution of U and

the short period contribution of U8, plus CL effects. The contribution of
o
Ur' is usually more significant than any short period effects, so the

frequency of the normal velocity numerator should be somewhere in the
neighborhood of the phugoid frequency. Thus, the complex conjugate
frequency of the characteristic equation is compared with that of the
w(s)/ﬁe(s) transfer function numerator, and if it lies within 40% of the
w(s)/ae(s) frequency, it is assumed to be the phugoid mode. Once this
information is known, the proper write sequence can be chosen,

(5} After the denominator characteristics are calculated and
printed on output, the transfer functions are calculated in much the
same way. Once the program has finished with one set of data, it goes
back to the beginning of the program, reads the next set of data, and
starts all over again for this next run. The second and any successive runs
need not be the same type of data as any other run because each set of
data i1s identified as shown in Table 1.

14
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b. Input Parameters

The longitudinal input parameters are straightforward and are
based on the definitions in Reference 1. An explanation of some of
the parameters however, will aid in their use.

Note from Table 2 that the acceleration of gravity is a required
input. This parameter varies with altitude to an extent that at very
high altitudes its variation should be taken into account. At 100,000
feet, an altitude no longer considered unattainable, the error resulting
from using the sea level value is 9.45%.

The distance from the CG to the thrust line, Zys is included;
it affects the characteristic equation only through its influence on
Mu, and it also affects the numerator characteristics if T(S is specified.

The parameter Zy is seen in the equation for M5= T
pSUoT 2+ Ty
Mg = —=————Cmp+ —/—— 35)
8" 2Iyy T Iy (

The parameter T6 , or the change in thrust with throttle deflection
T
{or RPM), affects the terms XG’ Za, and M

52
pSUg cos (£+a) (36)
xS s - zmo CDS+ TST m
SUo inté+a)
) “Lg™ Ts, — (37)

15
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Thus, if Tﬁ » &, and Zy
T
totally elevator terms but include the thrust effects. If only the
elevator terms are desired, specify T6 =2y = 0 and input CL .
t §
CD , and Cm . If the transfer functions with respect to thrust are
& §
desired, set CL6 = CDG = Cm6= 0 and define TGT, £, and Z,. Note that
it doesn't matter what dimensions are used for T6 because the transfer
T
function that results is a ratio; as long as the ratio is multiplied

are specified, the transfer functions are not

by the correct units, the equality is not destroyed. Thus

8is)
STIS)

X 81ls) = Bs) (38)
and as long as the two §T(s)'s have the same units, continuity is
assured.

The term £ is the angle of inclination of the thrust axis with
respect to the body axis and is defined by Figure 2.

T‘a\ /\/7 FRL
==

THRUST AXis

Figure 2. Definition of ¢

16
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CL and CD are the trim values and Cm is defined as

T
Cmy %%% )
e -Eg— [chcole+a)+CLton(E+al] (40)

where T, the thrust, at trim in rectilinear flight is
T =Cp/cos (E+a)+Cptani+a) (41)

The Mach number derivatives are used in the program as opposed to
the u derivatives. By definition in Reference 1

Uy 9C M
CLu = 5 W ® 5 CLM (42)

Thus, when C, {or C, or C_) are set in the program, they are
Ly Dy = Ty
multiplied by g-to evaluate the u derivatives before the calculations

proceed. If no Mach derivatives are used, the vaiue for M can be zero.

The angle of attack input is used only in the calculation of

Xd and M5 as seen in Equations 36 and 37; « can be zero if T, 1is zero.

§
A flight path angle of more than 15° should not be specified Eecause
of the small-angle assumption.

The variable 2, is included in case the acceleration transfer
function is desired at some point other than the CG. The sign on lx is

positive for points forward of the CG and its magnitude is measured

in feet.

17
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For body axis derivatives, the angle of attack is necessary as the
programs convert all data to the stability axis. Other than that, the
previous discussion is valid.

For the dimensional input data, the last three values, Ve, L

o
and n, are not needed to obtain the denominator and numerator

a
solutions. The values will be printed out if non-dimensional data are

used, since all the values necessary for these calculations are
available.

c. Input Data

The method for inserting input data is similar for both programs.
In the example, Figure 3, longitudinal, nondimensional stability axis
derivatives are given in units of 1/radian. From Table 1., the data
identification number is 100, and this number must appear in Colums 1,
2, and 3, respectively, of the first card of each data set (See Figure 3).
To get longitudinal coupling numerators, make the number in column 1,
card T, 5 greater - use 5 instead of 0O, or 6 instead of 1. Columns
4, 5, and 6 are reserved for the run number; this number may be in any
alphanumeric format desired. In this example the number is 15A.
Columns 7 through 72 inclusive are used to write anything required to
identify the run, such as the altitude, date, or aircraft. Columns 73
through 80 are used for sequencing the cards; these columns are not
read by the machine and are used only to identify the card and run
number. In the example, the first card is labelled LONG15AT1, which
means that this is the first card of run 158, and presents longitudinal
data. Card 1 is not included in Table 2. The format of card 1 is
the same for all data types. It must be present and contain the data
identification numbers in columns 1 through 3. Cards 2 through 7
present the data, and each number shown in Figure 3 corresponds to the
parameter included in Table 2 for data type 100. Each datum must
appear somewhere in the assigned 12 spaces; therefore, the value for
CL must appear on the fourth card and must be entirely contained

4
within Columns 37 through 48. Thus, the value for CL of run number

q
15A in Figure 2 is 6.3 per radian.

18
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TABLE 2

LONGITUDINAL INPUT FORMATS
Stabitity axis, nondimensional

100 = per radian
101 = per degree
1 13 25 37 49 3 61 73
S{ft?) c {ft) M U(ft/sec) | p(slugs/ft ) g Card
2 6T
I {slug-ft z, (ft = —
W(1bs) y(s ug ) t( } Ex(ft) TGT N £ (deg) Card
C C C C C C Card
L La Ld Lq L6e Ly
C C C C C C Card
D Da Da Dq D(Se Dy
z. T
c =_t |¢C c ¢ C C Card
™ g5¢ M M, M "'cse i
a(deg) Fo(deg) Plot Card
Option*
Body axis, nondimensional
110 = per radian
111 = per degree
1 R 13 25 37 49 ; 61 73
S{ft ) c (ft) U(ft/sec) | p(slugs/ft ) g Card
2 5T
W(1bs) Iy(s1ug-ft ) zt(ft) Ex(ft) T5 = £{deg) [ Card
T “Throttle
C c ¢ C C C Card
N Na Nd Nq Nae NM
C C C C C c Card
X Xy X xq x5e Xy
z. T
=t | ¢ c C C C Card
M1 §sc My Mg, ™ "5, Ty
a(deg) Po(deg) Card
Stability axis, dimensional = 000
1 13 25 37 49 61 73
Xu Zu Mu Xw Zw Mw Card
XQ ZQ MW Xq Zq Mq Card
Xs Zg MS U{ft/sec) | g To(deg) Card
e e e
v L n X Z M Card
e ] Za 3T ST 6T

*See Table 2 continuation for plot option codes

20
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The format of the input data can be written in only one way.
The number 6,753,000, for example, must be written as 6753000, and can
appear anywhere in the allowable field. The number -.00745 is written
as -.00745 in the allowable field.

The aerodynamic data must all be in consistent units or as indicated
in Table 1. A1l angle inputs are in degrees.

Namelist input is obtained as shown in Table 1. The variable
names in the namelist are exactly as printed on the output of the
program; that is, flight path angle is called "GAMA", pitch inertia

is listed as ”Iy," C . is "CLAD" etc. AIll input options available
o

to the user are available in the namelist form.

The nameiist for the longitudinal program is titled "Change" and
js used in the following manner:

(1) The first card of each run is written in the usual manner
with Column 3 keyed for the namelist input.

(2) The next card must have a blank in Column 1 followed by
the characters "$CHANGE" followed by at least one blank space.

(3) On the same card, the parameters to be changed are written
separated by commas. Parameters not entered will remain the same
as on the previous run. The namelist is then closed by a dollar sign
"$". There is no restriction on the order in which the parameters
being changed must be entered.

(4) Avoid writing in Columns 73-80. If more space is needed, go
to another card but leave a blank in Column 1. Do not number cards if

more than one is needed for the namelist. Numbering is permitted after
the closing "§".

21
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Namelist Example (Longitudinal):

107 SAME CONDITIONS AS ABOVE BUT REDUCED CLQ
$CHANGE CLQ = 6.0%

{4) Nondimensional and dimensional {primed and nonprimed) data can
be switched from run to run as desired, but the "per radian/per degree"
option cannot be switched nor can stability and body axis data
be interchanged.

For successive runs using either "LONG." or "LATE.", merely add
seven-card sets to the data deck. An end-of-record card inserted between
the two kinds of data sets will allow both "LONG." and "LATE." to be
run together.

d. Output

The complete longitudinal program and a sample output are
presented in Appendix E. The output data is explained in relation to
the sample output data sheet. In the example, the first item printed
out is: ROQTS OF A/C LONGITUDINAL TRANSFER FUNCTIONS. This title is
part of the program and will always appear, followed by the run
number {which,in this case, is 15A). The third line contains the exact
information that appeared in Columns 7 through 72 on the first card
of this data package (see Input Data). Following this run identification
is the type of input data and the data ftsetf. The output format is
the same as the input format, i.e., the numerical values for s, c, M,

Uo’ o, and g all appear as on the second card of this run.

The dimensional derivatives are then calculated and shown. Note

that the values far Ve’ La, and n, are also presented here. The
o
program calculates the coefficients of the denominator and solves

for the roots of the quartic equation. The roots of the equation are
then printed in the form of $1> S, = ¢ t jw. For the case where the
roots are a complex pair, the form is

M 52='§‘-‘-’ni“"n-\/l-QEi )
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and for the case of a real root with zero imaginary parf, the form is

s - (44)

Comparing these forms with the numbers printed under ROOTS (COMPLEX
FORM), it can be seen that the roots to the equation* are

Sy, Sp °© - .008943 £ . 1852 j (45)

$3, 84 * —.4507 1 2.657 j (46)

Now the program must choose which complex pair is the phugoid and which
is the short period. This decision is made by comparing the frequencies
of the modes. The frequencies are calculated by taking the square

root of the sum of the squares or

‘\/(gwn)' + “’n!( -L* )! = w, (47)

The larger frequency is assumed to be that of the short period. The
calculated values are then printed in their proper places, which yields
the data seen immediately below the values of the roots. Note here
that ZP = d and WP = 4 etc.

tphugoi “phugoi

The characteristics of each mode are then calculated and printed.
The values are calculated as follows:

Periad = P= 2w [seconds] {48)
Wn o/ "gz

Time to half amplitude = 0.69315/lwy [seconds] (49)

(50)
Time to one tenth amplitude = 2.30259 /8wy [seconds]

(51)

. Tis2
Cycles to holf amplitude = -5 cycles
Ti/10 (52)

Cycles to one tenth amplitude * —5— [cyclcs]

*The signed digits following E or D in a number on output specifies the
power of 10 by which the number must be multiplied.
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where the bracketed quantity shows the dimension. For the case of an
unstable oscillatory mode, the program will print the time to reach

2 or 10 times the amplitude. Finally the coefficients of the denominator
guartic As4 + 853 + Cs2 + Ds + £ are printed.

The transfer function numerator calculations are printed on the
next page as follows:

Numerator of 6/6, "THETA PER CONTROL DEFLECTION"
Numerator of u/¢, "LONGITUDINAL VELOCITY PER CONTROL DEFLECTION"
Numerator of w/S, "NORMAL VELOCITY PER CONTROL DEFLECTION"
Numerator of h/8, "ALTITUDE RATE PER CONTROL DEFLECTION"
Numerator of a2/6,”VERTICAL ACCELERATION PER CONTROL DEFLECTION"
(the free s in the a,/§ numerator is not printed.)

Each numerator is labelled and the roots, time constants { or z and
mn), and coefficients are printed. A non-zero value of S will cause
the normal acceleration numerator terms to be printed; this is for

a, at a distance k from the CG.

There is an interesting point to be brought out in regard to the
normal velocity per delta elevator transfer function. The values of
the roots (complex form) show that in Run No. 111 the third root has
an imaginary part of .8787 x 10'45. This, of course, is impossible
because a complex root must have a conjugate as another solution (the
first two roots do form a complex pair). The imaginary part of the
third root is spurious and is stored unintentionally in this location
by the subroutine DMULR. Care must be taken to eliminate such erroneous
values for the roots. MWhen these values appear, the program wil]
usually ignore them; however, the printed values should always be checked
by considering the coefficients of the transfer function. KNotice here
that the form of the numerator is

Aws®+Bysi+Cys+Dy =0 (53)
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and, since all the coefficients are nonzero, three roots will appear
either as a real root and a complex pair or as three real roots:
anything else is in error. Erroneous values can be spotted easily.
Roots with values greater than 105 are probably the result of division
by one of these very small "noise" numbers.

Another feature of the transfer function print-out is that poles
and zeros {(roots) with zero real and imaginary parts are not shown.
For example, an inherent pole or zero of s = 0 is not printed out on
either page of the output.

|

Note that the first set of sample data shows a characteristic
equation consisting of an oscillatory mode and two aperiodic modes.
The program, by use of FRQCK, has determined that the oscillatory
mode is the short period. This interpretation should be treated
with caution.

The output symbols are defined as follows:

ISP = 1 short period {(54)
WSP = w short period (undamped actual frequency) (55)
1/TP1 = (]/Tphugoid)1 (56)
1/TP2 = (1/Tphugm.d)2 (57)
e. Coupling Numerators
Th 14 t & ¥ Ne" btained
e coupling numerators N are obtaine
8,51 M8, 8; N5, 3;
by straightforward substitution of columns in the characteristic
determinant A.
For the coupling numerators involving h, consider the equation
cosIL sinI; cosI; _
s W- —5—v-U—g 8=0 (58)

which is more rigorous than Equations 13 and 14.
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An augmented matrix can be formed from this equation and A:

- m I al ~ ™
s - X, -(s x,;,+x,,) gcosly - Xq Offju Xs Se+
e
-Z, s (i-Z.,-,)-Z,, gsinr; -3 (U°+Zq) Offw 28 (59)
e
M,  ={sMgy +M,) s(s-Mq) ol| 8 Mg
e
sin Iy cos [ U, cosTy
- —_— F{]h 0
» s s s JLJ
. &n uh wh
The coupling numerators N +« N + N are formed by
8,87 ' 88, ' 8.8,
replacing columns of this 4 x 4 matrix with the indicated control
columns, then expanding the resulting matrices in terms of minors of
elements of the bottom row. It is seen that 1/s multiplies each
coupTing numerator in its entirety. In order to indicate that, the
printout legends read
"S TIMES THETA TO ELEVATOR, ALTITUDE TO THRUST"
"S TIMES LONGITUDINAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOR"
"S TIMES NORMAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOR"
a
One given coupling numerator invoives normal acceleration, N; 28 .
Now, inertial acceleration is T"e
) = sw-Uosa—E,SZB (60)
Use this equation to augment A, giving
X - (5 Xg T %) geosIy - sxq XS e
. T (61)
ua
z . - -2.) - ' -
NSTSe- ZST s (1-2,) -2y gsinly - s (U + 2q) ZSe
M&r ~(sMg * Mq) s (s - Mg) MSe
0 -s .Q,sz-l-uos 0
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which is expanded to obtain

'
Uﬂz

6,
NSTSO = s [N;: 5 - (-le + Uo) N&u&r]

This numerator is labeled
"S TIMES LONGITUDINAL VELOCITY TO THRUST, ACCELERATION TO ELEVATOR"

Again the s = 0 root (here a zero instead of a pole) is not given.

Note that here 3, is inertial acceleration., It does not include
gravity, as sensed acceleration does. However, account is taken of

sensor location forward or aft of the CG.

2. LATERAL-DIRECTIONAL PROGRAM
a. General

This lateral-directional program calculates the coefficients of
the three-degree-of-freedom, small-perturbation, lateral-directional
equations of motion. These coefficients are then used to calculate the
coefficients of the characteristic equation and the numerators of the
airplane transfer functions for aileron and rudder inputs. The character-
istic equation and the transfer function numerators are factored, and
the factors are used to compute several of the more pertinent lateral-
directional flying qualities parameters (see Appendix C).

The main portion of the program is 1imited to computing the
characteristic equation and the numerators for the ¢, B, and v
transfer functions. The numerator calculations will be bypassed if
the control deflection derivatives are all zero. The lateral-directional
program was modified extensively to agree with Reference 5.
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b. Input Parameters

The lateral-directional program accepts the moments and products
of inertia in the body axes, and it converts the inertias to the
stability axes with the use of a. This is the only function of the
o input; thus, body axes inertias will result if o =0. Usea =20
if inertias are in stability axes. Setting o # 0 will convert
body-axes inertias to stability axes for the calculations.

The parameter 1, is used when the side acceleration transfer function is
desired at some point other than the CG.

An interesting point can be brought to light here concerning the
use of the 5A derivatives. Today's afrcraft usually employ more than
one roll axis control, such as aileron and spoilers. In this case,
using only one of the control derivatives as the input is unrealistic
because this is not the way the aircraft will behave. The method that
has been employed successfully is to convert the control power to the
wheel throw or CR etc., as follows:

6w
. = C g, (63
45, L5, 3, I3 3,
and
8, 3
Che = Cp. —2 + C 5 4. (64)
nS' nSA 8" nss SW
and 3 3
A s
c = C + C —_— -
By B Ow 8 S (65)
and then enter these values for Cg » C , and C
aa Sa yﬁa
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Aerodynamic Data {See Figures 4, 5, and Table 3}

Using option 000,010 or 100, the aerodynamic data may be input in
stability axes or body axes as follows: (See Figures 4 and 5 and Table 3).

Input in Stability Axis System a =0 (66)
» » 'a =Q -'i'
Input in Body Axis System A TRIM (67)
Inertial Data (See Figures 4 and 5)

Using Option 100, the inertia data may be input in body axes or an
arbitrary axis system as follows:

Input in Stability Axis System a; =0 (68)
Input in Body Axis System A = Aypgyy - lw (69)
Input in Arbitrary Axis System a; = a; (70)

Qutput Axes System (See Figures 4 and 5)

Using Option 000,010 or 100, the output may be referred to the stability,
body, or an arbitrary axis system as follows:

Output yn Stability Axis System a, = 0 (71}
Output in Body Axis System @y = a'TRIM_i‘” (72)
Qutput in Arbitrary Axis System a, = a, (73)

The remainder of the derivatives seen in Table 4 should be self-explanatory.

¢c. Input Data

The method of entering lateral-directional data is similar
to that of the longitudinal program. However, Columns 7, 8, and 9
on Card 1 are also used for program control.

The lateral-directional computer program can provide time
histories for a rudder or aileron step plus the MIL-F-87858 parameters.
Angle of attack selections for body, stability, inertia, and arbitrary
axes are included, as is a plot option and the ability to input the
attitude and control derivatives as per degree and rate derivatives
as per radian. {See Tables 3 and 3A.)
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Figure 5. Program Notation
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TABLE 3
LATERAL-DIRECTIONAL INPUT DATA
Data Iden-
' _ tification
Data Type Units Axis Number Options
Dimensional,
primed stability 101
unprimed stability 100

Nondimensional
per radian stability 000
per degree stability 010
GA, SR’ B per degree stability 020
p, r, B per radian
A per degree, all stability 030
others per radian
control derivatives stability 040
per degree, all
others per radian
per radian stability 050 Namelist
per degree stability 060 Namelist
SA, 5R’ B per degree stability 070 Namelist
P, rs B per radian
B per degree, &ll stability 080 Namelist
others per radian
control derivatives stability 090 Namelist
per degree, all
others per radian

Note: To get lateral-directional coupling numerators, add 5 to the first
digit of the Data Identification Number.

Table 3 shows that all data must be in the stability axes; this is not
entirely true since the primary difference is in the angle of attack.
The lateral-directional program transfers the input body-axes inertias
to stability-axis inertias; therefore, specifying an o = 0 will yield
an effective set of derivatives for body axis.
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TABLE 3A
LATERAL-DIRECTIONAL OPTIONS

OPTIONS

OuUTPUT

001

002

003

Basic calculations (roots of characteristic equation),
¢, B, and ¢ transfer function numerators, modal
characteristics including |¢/B|., |¢|/|ve| and ng[¢/3|DR

Basic calculations plus p and B modal response
coefficients, posc/pav’ p2/p1 wB, AByay > and Kd/KSS for a
unit step lateral control input, ¢osc/¢AV’ wé for a

unit impulse lateral control input and ¥ p/B for the free
Dutch roll oscillation.

Options 001 and 002 plus time histories of B, ¢, and p
for an aileron and for a rudder step.

Options 001 with the acceration transfer function at the
Ly distance from the CG.

NOTE: The option codes shown in this Table are placed in Columns 7,
8, and 9 of Card Number 1.

TABLE 2 (CONT'D)
Plot QOptions - Card 7

Code (Col. 25) Options

0 (Blank) No plot

1.

PLT

Tabu;ation of time history (lateral-directional
only

Namelist option
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TABLE 4

LATERAL-DIRECTIONAL INPUT FORMATS
Nondimensional, unprimed

000 = per radian
010 = per degree
1 13 25 37 49 1 73
o(stugs/ft3)}] U{ft/sec) S(ft2) {W(1bs) | b(ft) I (slug-ft2}| Card
_ft2 —F+2
Iz(s1ug ft2) Ixz(slug ft2)| g uI(deg) ro(deg) Rx(ft) Card
C C.. c C C C Card
Yg Ya Yp e Vs, Y5
C C,. c C C C Card
ILB 52.8 R.p 'Q'r‘ 2.6A R‘SR
C C.. c C C c Card
ng ng np N nGA n6R
%A %x PLT* Card
Dimensional
100 = unprimed
1 13 25 37 49 61 73
U(ft/sec) g aI(deg) To(deg) zx(ft) Ix(slug-ftz) Card
_ft2 f+2 .
Iz(sTug ft2) Ixz(s1ug ft2) YB YB Yp Yr Card
Y Y L L’ L L Card
GA aR B B p r
L N N Card
LSA GR NB 3 b Nr ar
N N o o PLT* Card
GA GR A X
Stability axis, dimensional
101 = primed
1 13 25 37 49 61 73
U(ft/sec) g Fo(deg) Qx(ft) YB Yé Card
Yp Yr Y5A YSR LB LB Card
Lp Lr LGA LGR NB NQ Card
Np Nr NGA N(SR PLT* Card

*See Table 3A for PLT option codes
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To obtain a plot of the time histories provided by option -02,
the PLT space on the input data cards is used. PLT has a value of one
for all sets of data (runs). For all other options or, if no plot is
desired with option -02, PLT is zero or left blank.

When using the namelist option the variable names are exactly
as printed on the output of the program; that is, flight path angle is

called "GAMA", roll inertia is listed as "IXB", C,. 1s "CLBD", etc.

B
all input options available to the user are given in the namelist form.

The namelist for the lateral-directional program is titled
"Change" and is used in the following manner:

1) The first card of each run is written in the usual manner
with Column 2 (lateral-directional) keyed for the namelist input.

2) The next card must have a blank in Column 1 followed by the
characters "$CHANGE" followed by at least one blank space.

3) On the same card, the values of the parameters to be changed
are written, separated by commas. Parameters not entered will remain
the same value as on the previous run. The namelist is then closed by
a dollar sign "$". There is no restriction on the order in which the
parameters being changed must be entered on the change card.

Namelist Example: ({Lateral-Directional)

070 -02 SAME CONDITIONS AS ABOVE BUT REDUCED CNB AND CNR
$CHANGE CNB = .0009, CNR = -.22%

4) Nondimensional and dimensional (primed and nonprimed) can be
switched from run to run at will {however, the per radian/per degree
option cannot be switched}. This may be of use in studies if the
data are presented in nondimensional form and the effects of a variation
of dimensional parameters are to be considered.
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d. Output

The complete lateral-directional program and a sample output
are presented in Appendix E. The output data is explained in relation
to the sample ocutput data sheet {pages 140 through 151). 1In the example
the first item printed out is: ROOTS OF A/C LATERAL DIRECTIONAL
TRANSFER FUNCTIONS. This title is part of the program and will always
appear, followed by the run number. The third line contains the exact
information that appeared in Columns 7 through 72 on the first card
of this data package (see Input Data). Following this run identification
is the type of input data and the data itself. The output format is
the same as the input format, i.e., the numerical values for p, Uo, S,
W, b, and Ix all appear as on the second card of the input data for this

run.

The input data is read and converted to dimensional primed data,
if necessary, and the primed and unprimed data are then printed. Then
the denominator characteristics are calculated and printed. The five
roots 1isted include the one which always occurs at s = 0 (Equation C-18).
The program does not contain a frequency check because if one complex
pair appears it is assumed to be the Dutch roll mode. The roll-spiral
mode may couple and the Dutch roll may split up into two real roots;
when this occurs, the output sheet will print the z and w and label
them Dutch roll. Thus, care must be taken when values indicate that
this has occurred. Examining the characteristics (z and w) and the
complex forms of the roots should indicate which mode is coupled.

The case of two sets of complex conjugates is not covered because
it occurs infrequently. When it does occur, an analogy will exist
between the Dutch roll and the longitudinal short period, and between
the coupled roll-spiral and the phugoid. Thus the mode can be identified

by inspection.
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When the solution to the stability quintic contains two real roots,
the program assumes that the smaller of the two corresponding time
constants (absolute value) is the roll subsidence mode. Thus, if the
spiral mode has a smaller time constant than the roll mode, its value
will appear as a TR on output. This does not occur often and is
immediately recognized. Also, as in the longitudinal deck, roots with
negative real parts are stable.

Among the denominator characteristics listed are:
TS Te» spiral-mode time constant
TR s roll-mode time constant
WDR  undamped natural frequency of Dutch roll mode

WDDR damped frequency of Dutch roll mode.

A few other Dutch roll modal parameters {not dependent upon the input)
are also printed with the denominator characteristics:

|6!/|8] “PHI TO BETA RATIO"
|61/]v,| "PHI TO EQUIV VEL"

“d2|¢|/l5| "FREQ SQUARED TIMES PHI TO BETA RATIQ"

After the denominator characteristics are printed, the transfer
function numerators are calculated. For example, the yaw rate to control
deflection transfer function has a variable that is labelled 1/TR, where
the R stands for the yaw rate (r)}, and not the roll time constant.

The w /mD calculation needs Wpp from the denominator characteristics

o
and the ¢/B calculation is based entirely on denominator characteristics.
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COUPLING NUMERATORS:

The following are printed when the first digit of Card 1 has been
increased by 5 from the value in Table 3:

3,
e
O
ot
Here a; is sensed lateral acceleration:
oy = U B+Uor+ 4,7 - (scos ) ¢ - (asinL )y (74)

[f the first coefficient of the phi to aileron, acceleration to
rudder; psi to aileron, acceleration to rudder; or acceleration to
aileron, beta to rudder polynomial is equal to zero, the same value will
appear in the printout for both the C and D coefficients. In this case
D coefficient should be disregarded and it should be recognized that
a second order polynominal is being evaluated. The phi to aileron,
acceleration to rudder and the psi to aileron, acceleration to rudder
numerators are third order in s, but the acceleration to aileron, beta
to rudder is fourth order with the last coefficient equal to zero.
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SECTION IV

CONCLUDING REMARKS

These three-degree-~of-freedom programs (with the exception of the
coupling numerator options) have been operational for many years and
provide an easy method of obtaining uncoupled aircraft dynamic
characteristics from physical and stability and control parameters.
The coupling numerator options have been present in the program for
many years but the codes to access them were not documented. Conse-
quently, this portion of programs has not been as well checked out.
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APPENDIX A
TRANSFER EQUATIONS

Equations for Transfer of Interim Data From (I) to (X) Axis System:

Gl = GI - Q; (A'])
I = 1y, cos®a, + I sina, - L sin(2a,) (A-2)
I; ¢ sz cos? a, +IlItI .'.inzcl| + I"ZI sin (2a,) {A-3)
| Iul cos (Zal)-l--&- (I'l - Izl)sin (Zal) : (A-4)

Equations for Transfer of Aerodynamic Data from (A) to (X) Axis System:

a,-= (ux - QA) (A-5)

Cp cos? a, + Ca, sin’a, - (C_e + Cn, ) sina, cosa, (A-6)
Py A A A

. 2 2 -
Cer = C:‘elxQ cos” a, - C“nA sin“a, + (C_ap (:nl,A)'.mn‘.la_,ccosc:z (A-7})
C, =Cp cosa, - C,.  sina, (A-8)
2 "% 8,
C, =C, cos@Q, — Cp:. sin@ (A-9)
. B 2 n 2
5 % A
C, =Cp cosa, — C, sina, (A-10)
28 £8A 3
C“p = cnpA coszag - cz sinza2 + (% — Cop, ) sina, cosa, (A-17)
Y P A
A
2
c“r = cn'A cosz a, + c£p sin“a, + (Clgx + Cn%) sina, cosa, {A-12)
A
Cnﬂ z CnﬁA cosa, + C; shna, (A-13)
A
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Cn. COS 02+C£,. sin a,
A A

CnSAcos as +c28 sin ap
A

C cos a,—-C sin Q@
va 2 V'A 2

o cos a5+ C sin a
Y'A 2 va 2

Cy,

Ba

40
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APPENDIX B
LONGITUDINAL EQUATIONS OF MOTION AND TRANSFER FUNCTIONS

2%

& +q0cos [, = 4 Ts, Srpmcos E+Xy+Xqa+ xa¢+xﬁﬁ+x8‘8e(8_”

ZF

Up@ = Ugq+9g8sinly= "'rlr"l'Ts,SRPM sin€+ZuU+qu+ZS.8, (8-2)

M

) Zy .

q GI—”-TSrSRPM+Mu+qu+Maa+Mﬁa+Ms°Se (8_3)
Taking the Laplace transform of 1, 2, and 3 and assembling in matrix no-
tation yields (see Reference 6) for a single control input

—s-xu —lsXg+Xqg) gcos [—s5Xq ] —u(s)_ —XSS!slﬂ

-2, siUg-24)—-2¢g gsinlo—stug+Zq) || als) |= ZSS(sl (B-4)
-My —{sMg+Mg) s(s—Mq) 8! I_MSSlsl

where s is the Laplacian operator and )(6 8(s), etc., symbolizes any

unit impulse forcing function such as Xd Ge(s), T(S cos ¢ 6(s), or

e ssp(s), ete. €

The characteristic equation of motion is the determinate solution
of the matrix.

s - Xy ~sXg—Xq gcos [o—sXgq
: - (B-5)
A=|-z, sUg-5Z3-2g gsin[o-sug-sZ4
My, —sM53—Mg,y st-qu
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A=

(3%, {{sUg- 524-Z) s - sM)- (g sinT; - U ~sZg)t - Mg - Mg} }
"Z“{ tog cosl';~ sxq)l ~ sMy -Mal-{—sx&—xnl(sa-suql}

- "'u{(" sX5-Xg Mg sinl':,-suo —szq) “(sU,~$Z:-2,Ng cosl"o—sxq)}

Exapnding,

3 3 ] 2 2 .
(s-x“}{s Uy-sZ5-%24—% U°Mq+ s Zan-!- sZan-r sudgsmr'o

. 2
*uggsinll-stuM; - su M —s zqud—szqua}

2 3
-—Zu{—slldgcosl'o-magcosf; s X Mgt sX Mgt s Xy
~ 8 XgMy + $7Xg = s XgMg }
- M {-sx- sinl + s¥x,u + s¥z
u a9 o a VYo

qxd—xagsinr;‘f sXgUp + 82Xy

-stgcos L + s‘xqu°+ sZg9cosl - s'zdxq + Zq0 aosI;-sZaxq}

4 4 3 3 3 2 2 )
BUG-S Za- 8 Zg -8 UM, t ST ZaMo 5 ZM s MgasinTy
+sM,g sin l"o - s’uoud—seuoua —s’Zqu - szZ‘.’.Mcl

XU+ 622X, $TZ X+ TR UM - 7 ZaX Mg — $ZgX, M,

. , 2 2
-sX Mgosin[ - X Mogsinll + sX U Ms+ sX UM+ 877 X My
+sZ X M _+5Z M:gcos 1. +Z M qcosr'—szzxu-

q ua urd o' “uVa o uq' a

3 2 2
-szuxqua s I Xz+ s zuxqu- s zuxa-c-szuxauq

+ XM gsinl, - 5P XU M, - $TZ XM, + XM g sinl, - sX U N,
2 2
~$ZgXgM,+ UM gcos [ X U M, - sZoM geosT + 725X M,

-ZyM,9 cosI; + $ZgX M,
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This simplified to:

when

A= As*+Bs®+Cst+0s+E (B-9)

Uo—24q (B-10)
~Zg—UoMq+ZgMq—UoMa—ZqMg—XyUo+ZaXy—ZyXq (B-11)
ZgMq+Mggsinlo—Z Mg+ZaXy+XyUoMg—Z4 XyMgq
+XyUoMg+ZgXuMa—UgMg—2yXqMa—2ZyXqg
~XgUoMy—ZqXaMy—XqUoMy+Zg XqMu+Z XaMq

Maosin lo-Za X Mg—XyMggsin o+ X UoMg+ZqXyMg  (B-12)
+ZyMggcos [o=Z XqMg+ZyXgMq+XgMygsinl
~XgqUoMy—ZgXgMu+tUoMyacos [h—Z5Mygcos [o+2ZgxqMy (B-13)

—XyMgasin G+ ZyMggcos To+XgMyasinlg—2gMygcos Iy (B-14)

Note that in Section II-1 and the computer printouts, A and the
longitudinal numerator polynomials of this appendix have been divided
by Uo' That gives a consistent set of transfer functions for which
the leading coefficient A of A is 1—2& (or, when Z@ is zero, just 1).
But the printout gives the transfer function of normal velocity (w}
rather than angle of attack (a = w/Uo) per control deflection; so the
w/d numerator printed out is the o/8 numerator of this appendix.
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From the matrix {(Equation B-4), three basic transfer functions can

be derived

uts)

M3

—‘Sx&"‘XQ)
S(UO—Zd’-ZQ

—(sMaz+Mq!

gcos [o—sXgq
gsin[o-s(ug+2zq)

s{s—Mq)

8&(5, ;

The numerator is expanded as follows:

A

NUM = Xa{[swo-zd’ -Za] [s{s—Mq)]-}-[qsin To-slUg+ qu] [s Mg+Mq|}
~zg{- [sxa+xa] [s(s—Mql]+[q cos Tp—sXg] [st-i-Ma]}

- MS{[st-ﬁ- xa] [g sin Fo—s(U°+zq)]+[qcos Po—sxq] [s(Uo—Za)-Za]} (B-16)

Expanding,

NUM = xa{tsuo- 'z, -Za)(s'-—sulqlﬂqlinl':,-suo—squhmdi- L )}

2
-zs{t-sx&-—xuxs -—an} +(qcosI‘o- squsu&+ “a]}

(B-15)

—Ma{(sxd+ XX g sinly - sUg-sZ)+{gcos]y -sX XsU,-224 - 2, I} (B-17)

NuM = xg {sPu-stum - Zg+etzgM, - 6T Z ¢ sZ oM+ aMggsinT

. 2 z
+u¢gsmr'° -3 UOMd-sualla—i zqua—szqua}

3 2z 2
—28{—3 xa.+ sx&uq S XM

~ 2% XMy - sXg Mg }

) 2 2 .
—Ms{sxdqsml;—s XU - Zq!d-l- X gsmr;—sxauo- 'qua

+sM, gcos + llaocosl';

+sU,90 cos [ —sZ&qcusr;-— Zageosro—szxquo-i- s’zdxq + szuxq} (B-18)
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NUM = o'Xg U,- 8" Xp UM - 2 X g+ 8 Z Xa My - 4" Z KXo+ 3Z XgM,
+sxg M, gsinll + Xauagninf;-c')ta UM s XgUM + ¢z, XgMg

3 2
b oAZoXpM, + S2yX, ~8Z,
..zsllagcoll:i- s'ZaK"u'i + szaxq Mg-3Xo Mg gsinll + s'xduous

+ .'zq XaMg~ X Mg nsinl';+ sxauolla + slq xalla-luollsgcolr'.

+sZ Mg gcosl'; + Zallsqcul'; + s’x.u.ua— '!za'x'l"S_ sZ, X, Mg

This simplifies to:

NUM 2 Ass+Bs? +Cs + D
when
A, = XgUp- ZgXgt X4
Bl.l = —Xauoﬂq+ ZdXSMQ-ZaKS -XSUOMd—qu8ﬂd~ZS Xa-ﬂq'f 28 xu
+ L X, +Z X Mg+ -Z.
zaxq"a d oMs zq d 3 xq Y% "3 zaana

C, * la"a"‘q" XgM ;0 sinl;-xsuolla- Zq XgMy~ ZgX M - ZgM; 9 cos I;+ ZgX My
-XgMg g sinr; + XU, Mg+ Z X Ms—U Mgg cosI;+ Zduagcosl'o'—zqu Mg

D, = XgMyosinl-ZgMgcos [l - X Mygsin I+ Z Mgo cos T,

The transfer functions for u(s)/ae(s) is derived in a similar manner.

s =X, Xq g cosly, - 3Ty

-Zy r 4.3 gsinI- s{uy+ 2
als) ) ~My M3 sls-My)
S A

45

XM+ s'zax‘- SZyX, M, - sZgM gcosT,

(B-19)

(B-20)

(B-21)

(B-22)

{(B-23)

(B-24)

(B-25)
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NUM“"*J{Zalt('-H.ﬂ" 8[qﬁnu-!(U°+gqﬂ}
+z {MytoeosT - x,)- xg[sts - M, )1}
-m, { xg[osinI-stu + zq)] - zglgeosl, ~ax q)}
NUM = (s -x,) {s*25- 523 m_ - M5 gsin]} + s Mg+ 52 Mg}
+ 2, { Mz cos - sx M3-sxg + sxgm_}
- M, {Xgasinl, -sXgU,- s Zg%g- ZggcasT, + sz, }
NUM = s*Zg- #Zghg- sMgasinlyt sTuMgr s ZqMg-2"Zg X, + sZgXy Mg
+ X Mggsinl-sx U Mg~ 2 X Mg+ Z MygcosT, -szuxqus-s‘zuxs
+SZyXgMy— Xg Mg sin [+ sX UM+ 0Z XM, + ZoM gcos]) — sZ X M

349 qu

This simplifies to:

NUM = A s’ + B S+ Cos + 0,
when
Ay 13
By * ~2gMgq*+ UMy *+ ZgMg -ZgX, ~Z,Xg
Cyqy * -usosm[;+ZaxuMq_xquM8—quuMS_ZuquB

+ZuX8Mq+ XSUOMU + ZqXSMu— ZBXQM“

D KuqusinI; + Zumsqcosl:’—xsmugsinf; +28MuqcosI;

(B-26)

(B-27)

(B-28)

(B-29)

(B-30)

(B-31)

(B-32)

(B-33)

It should be pointed out here that the angle of attack transfer function
differs from the vertical velocity transfer function by only a gain of UO.
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For the 6 (s)/se(s) transfer function

- X, =laX + X ) Xg
-Zu s(Uo-Zd‘-Za Z8
-M -(sM_. + M_) M
8is) u d a 3
8,(s) a (B-34)

NuM = xg{-2z, (-sMg-mg) +m (st U, -290-2,])
+zg{M CsXg+Xg) 4 (=X oMy + M1}
emg{ta-x)[stu,-20 -2 ] -2, tsx +x 1} (B-35)
NoM = xglesz Mgt Z Mo+ sy msZgm - Z M ]
+ anxd M+ XMy + s'M+ sk - s X Mg - x M |
rugfafu - ez, -0z, - anup v ez X e 2 %, — e, 2, -x 7,] (B-36)
NUM =+eZ XgMg + Z,XgMg+ $XgUM, — 324 XgM = ZgXgM, + 323Xy M,
+ ZgX M, + SZgMg Y Zg Mg - sZgX My~ ZgX Mo+ sfu Mg
-~z My~ 8 Z Mg - SX UMg + 825X Mg+ ZgX, Mg~ sZ XGMa~Z X M3 (B-37)

This simplifies to

- 2 -
NUM = Aes + Bas + CB (B-38)

when
g “*ZMa T %Ma " %M (B-39)
Bg =tZ,XgMg+ XZUM,- ZgXgM, + ZgXgM, + ZgMg~ 23X Mg
- Z M3-X U Mg+ Z,X Mg-2Z X.Mg (B-40)
. _ _ (B-41)
CB "'Zuxalla ZGXa M“* Zaxauu Zaxuuc'F Zaxu Ma “ZulaMs
Again, note that in the body of this report and the computer printout
the polynomials of this appendix have been divided by Uo‘

47



AFFDL-TR-78-203

Coupling Numerators

Coupling numerators were devised by McRuer, Ashkenas, and Pass
to aid in analysis and synthesis of multiloop control systems. The
method is detailed in Reference 7, Section 3-5, with longitudinal
applications given in Sections 5-10.

Consider, for example, regulation of pitch attitude and airspeed
with elevator, altitude rate with thrust. A simplified representation

of elevator control is, with ai'ls representing polynomials in s,

J

- -

a), 9,203 O r \ fxse\ ’xST

ds| G55 0p3 O a [4 4 .

21 "2z 723 .| o (Se;—Yg 8-vyul+ 3T (=Yph) (g 4

ﬂ3| 032 033 0 9 Mse MST

where Se is the command elevator deflection, say Yuuc Then
c .
O“+Yu Xae 0|2 °I3 + Ya Xae Yﬁ XST u XSE
02|+Yu ZSE 622 023 + Ye Zse Yﬁ ZST a ZSE
g Yulc (B-43)

a3+ YuMg, 932 033 + Yg Mg, Yh M3y M3e
94 2932 043 | h 0

The characteristic determinant, ACL’ and the transfer-function numerator
determinants as well, can be expanded in such a way as to retain

explicitly the vehicle-alone characteristics, which is a powerful
advantage. Also, the resulting expressions can be made amenable to the
conventional servo-analysis techniques. There can also be coupling effects
between gust inputs and control inputs, and among more than two inputs,
control, or disturbance, so that the possible variations are quite
numerous. However, the coupling numerators are always easily computed

and factored..., generally by being simpler and of lower order than A(s).
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Define a notation N;;, N:;EZ to indicate determinants formed
from the characteristic determinant A of the unaugmented aircraft in the
manner of Cramer's rule (Reference 6). The column of coefficients of X3
is replaced by the column of coefficients of Gj, and the Xy column is re-

placed by the 62 column. For example, the 8 - Gé, h - GT coupling numerator

is
M %2 Xg, Xgr
h
N;ST =| 0 922 g, Zg7 | = (O %4z - 912 %) (Zg, Mgy = Ms, Zsy) (B-4)

ay 03z Mg, Mgt + (02 %2 - 22 °4|)("89M8T "~ M3e XST)

04 94 O O + (03| Q42 ~ 932 °4|)(xge ZST 39 ST)

The augmented aircraft denominator then can be expressed

- u 9 H Uh 9"‘ B-45
Doz B + Y Ng, + Yo No o+ Yo No 4%, YiNg o + % W Ne o (B-85)
Note that Na"g = NB\:SG- BH ¥ Q since in every case two identical

columns make a determinant zero,

Similarly, the closed-loop transfer-function numerators can be
expressed

x8¢ 0, O)3 +Y3 xSe Yh'xar

u
Nug™ Wl Zge 922 %23 Y Zg, 28T
(B-46)
Mse 32 T My Mgy
O O gy !
. " _ uh
= va {Ng, * Y Ngest (8-47)
+ Y Y, X
o+ VuXg, Xse % * 55 3T
a . + Y .2
N = Yol %21 + W2y, Iy, %3 Yly,  Velgy
Os3 + YoM Y. M (8-48)
ag + VMg, Mse 33 7 073 RU3T
Oy 0 Ca3 !
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Nug = % (NS 7 NSeST) (B-49)
a, + Yy xae a2 XS YﬁxST
8 _
Nug = Yol 921+ Y, Zg O22 Z5 Wisr (B-50)
GtV Mg, 932 Mg, Mg
94 042 " '
) 8 Nh -
= vy ("ae + KyNg ST) (B-51)
N Oy +YuXg, %2 %3 + T X5, *8e
Ny, = Yo | 9+ Yy Z8 92 93tV zge Zse (B-52}
3+ Y Mg, 92 O3+ Yy Mg, Mse
ag, a4z 843 o
K
] ] sh{s) Nuc )
f NSe (”c (s) AL (B-53)

In these equations the fourth-degree-of-freedom, h, is a
linear combination of the other three. From Equation B-44 it is
apparent now that, using functional notation to represent quantities
derived from on1y the three independent equations of motion in u, o, 9,

gz: T a2 "8 sy (v2.8) + o “3.37 (v.0,8) (B-54)
Note the rules that follow from the properties of determinants:
:‘; =0 (B-55)
N;:;; = - N;':a': = N;;x;] (B-56)
;isl vy (";; ";; ;2";: (B-57)

Feedback of bank angle and roll rate to aileron, yaw rate, and (crossfeed of)
aileron deflection to rudder results in (if p = ):
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F“u o +(Kps + "¢)73° Gz * K Yy B
ap  9pp +(Kkps + K¢)L'8° azs + KUy || ¢
ay; Ay * (Kjs + K$ )Néo 033 + K, NSU '
) (B-58)
Y5a* X80 % Sr
2|lg,? Ko Ly, |35+ | Ly, |3
N'8r+ " N'Sr N.Sr

from which lateral-directional closed-loop transfer functions can be ex-
pressed in terms of coupling numerators formed solely from feedback/cross-
feed gains and the matrix equations of motion of the unaugmented vehicle.
The closed-Toop denominator is

pr
B = B + (ks + |<¢,)N + K, N + (ks + K¢,)K,N808r (8-59)

For aileron control inputs

B _ B B Br B‘# B-60
Nao. = Moo ¥ KaaMs * KrNses, * K, (ps + kg Ng o (B-60)
TN T

Sac  Ba . 'Sa' 8 T "Nsoss (B-61)
Ny = Ny + Ko N + K (Ks+K)N¢r B-62
Sa, - "Sa T KsaMs T Ksa\KeS * Ke)Ng s, (B-62)

while for rudder control inputs

B B B¢ (B-63)

NSrc = N+ (Kps + K¢)N8r80
¢ &

= B-
s, T Mar (B-64)
r _ . r ¢"
Mo © Moot (Ko ¥ Kg)Ng s (B-65)
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Note that the properties of determinants eliminate a number of the
coupling numerators.

Other multiloop control problems may be worked by analogy to these
examples. For more detail see Reference 8, which in Section 3-5 goes on
to show the use of this concept in multiloop analysis.
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APPENDIX C
LATERAL-DIRECTIONAL EQUATIONS

Option 1

The programmed lateral-directional equations of motion are in
the stability axis system, i.e., with Qs the angle of attack of the x
output axis, equal to zero. However, it is a simple matter to compen-
sate for nonzero o . For body axes we have from pp. 256-258 of
Reference 8

[0-%)s- )8 - [to + ads + L eoslT, + 0] +[(-)e

(C-1)
-omGealld < vy

where 8 = v/Uo and o, = “o/Uo' Note the presence of p/s rather than

$ and r/s rather than ¢. These differences indicate a minor flaw in

the notation. In the output, "bank angle" is really the integral of roll
rate. The two terms are identical when Bo is zerp, differing slightly
for small 8o

For the rolling and yawing moment equations the only change needed
to accommodate nonzevo ars Gps and o, is to transform the stability
derivatives, moments and product of inertia into the output axis
system (Appendix A). The program does this for dimensional inertias and
non-dimensional stability derivatives, for all three lateral-directional
equations. It is seen that in the side force equation, additional
factors must be taken into account. The program substitutes

(l;), =L+ (c-2)
(64, (6]  (00- 8) +(6g), o (oc- 5) + & @0

The rolling and yawing moment equations contain the product of inertia
term Ixz' To delete this term, define

I
L 4--'£1£- N NaTe v
L = _-—_—_..5..—' o 1 DT (C-4)
! a2 ' 12
! - |- 22
PR Y Ianlzz
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As shown for example in Reference 2, recasting the stability derivatives
in this form removes the explicit appearance of IXZ in the equations.
This yields:

(C-5)

P= oLy 4 LoV o+ Lo+ Lr ¢ LaABA + |.3R8R

To= N,V NGV o+ Nop 4 N+ NéABA-+ NéRSR (C-6)

Takinyg the Laplace transforms of Equation C-1, C-5, and C-6 and
assembiing the result into a matrix yields*

— —— - w— p— —

Si-v,0- Y, _( !J: +z_oc“r:’) :(I —%i—)——l-}‘-;sinn, Bts) Y—%S:s)
-st§- L'B s - l'L'p -st, Pisr|= L'Sa (s) {C-7)
—sub- N'B —N;,s s'-nn'r J L\P(tl N'SS (s)
or
- -, - -
¢ G2 Sz || A rYa 3(s)
v
Cay C25Css P (s) = ESS(S)
Cay Cap Caz|| wis) Ng3(s)

Equation C-1 was divided by Uo'

Let G =Yy,

os =gsin /U,

and
gc =gcosliru

* - Strictly (Reference 2) the variable ¢ should be p/s and ¢ should be
r/s - with v = § - § sin FO and v = ¢ cos Fo for lateral-directional

motion only. The difference should be minor for small flight path
inclination.
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and solve the characteristic equation of motion

] -s\'i-"r' - s?p-oc % -s?r - gs
A= —|L'B -Llﬂ o -l -t z 0 (C-8)
-wNy-Ng - N, =N

A =(s-sY, -V l[tl'—s' N - N )-(—’sL'H-sN'l]
v e ) r r P
"'t-sLB -l.é }[-(--Np'l s ~3Y, - gs }+(—s?p ~gc M s®-eN, I] (C-9)

. [l [} L] 3 . A
_(+n§¢uﬂ )[(- sL, )(-sYp-gc)—(s -ty ) [ ) -ﬂ‘,—gs)]

A= (s-sYﬁ—Yv}[o‘- -'N; -s‘L;+ u'n" L'.- s'N'.L; ]

- ;L'ﬁi- EB)[— s'Nl', + 12?, N'p+ sN o8 + s'?p- s'?vu; + s%gc —sN',qc] (
c-10)

I’“t_ . 3_'“_2_3- [ S0 '
HsNB+ NB [ -3 TpL' sL,oge +3" -s'Y ~s'gs -5 Lp+ ) Y’Lp+;qus]

_S_Gu_&o . I -l _I 4 . * 1"! . ]
A= s N sL'+lN’L. sNL lYi"'lYiN"’SY\-,L’ s YN L

3 [ | & 3 ] 3 '
s Y‘inL’-st +g Yer + s Y'L’—s Y'N Lp +| Yv"p"r

-(-s'u Ls"k R4 P NoLat s N L g + t'?’L'-—s'?’H"lpf-& s’L'.gc-ler'Léqc

B
SLNBSY o (Nplg* sNyLg gt YLs-: VoN, B'PILBgc -sN, L qc) (C-11)
BA 1 1 2 1 i 4 1 3 ] 3 ] 1 3
-sYpNBLr—sNﬁ-L, qc*sNB-— Y, B SN as - NB s NﬁLp sNﬁ Lp9s
-sszB P sNg Ly ge ® ssﬂ"g—sv,u'ﬁ-szné qs-szNﬁ'L'p*szY,N Lp* sNg Lpas
This simplifies to:
A= asd e ps® e 05 + Es (C-12)

o
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where
A o1-y (c-13)
- ] ] L] 1 + A 1 ] A 1
B = -Nr”Lp’YvN'* YﬁLp—Yv YpLB'+NB—Y' NB'
] L} ] L] L] L 1 * 1 ) 1 1 (C-]4)
C = Ny = NpL = N L Y Ng Lo Y, Ny e Y, L+ NG'LS
Ao A Lo, ' ’A [ A ]
+YerLB- --Yp er‘B Lch Yp LB-YD NBLr
N [ ' |+Q ILI . s :; N .
“Ng 9s “NglLy*+ ¥, Ngly, + Ng= % Ng (C-15)
o Vo o (" f ' A ' )
0 = - Yva Lp + Yv ND Lf + Np Lﬁ' s — NI’ LB gc - ND LB "’Yf Np L
~ ] [] i ] [] [ A ' |
-YpN, LB—Lﬁgc—NBLrw Nﬁ-Lp gs-Yp NBL'
1 ' ’ N T (C—]G)
—Nﬁ gs—NB Lp + Y N Lp
= +NJ/L gs + N/L.gc — N L, + N L,
E p Bg r Bg B r 9¢ B pqs (C_'I?)

The normal form of the characteristic equation roots is

Az As (s+ ",'_s)(s++n)(sz+2;onw0Rs+w§R)=o (C-18)

For the Dutch roll mode:

2 2 _ ~ . _ .
s+ 2 gDR wyg S+ Wpg * (sl %r * ;wdDR)(sz %R jwdDR) (C-19)

Damping ratio
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2w
Undamped period Trp =
ped p DR UDR

Damped period TdDR = ‘%:_DR

Cycles to half amplitude

Cifzpp T'/ZDR/TdDR

Time to half amplitude

T'/ZDR = -0.693|5/O'DR

Cycles to 1/10 amplitude

c =T T
'/'ODR '/'°DR/ dpR

Time to 1/10 amplitude

Tifopg = = 2.30259/0p

From the matrix on page 55, these basic transfer functions can be derived:

[ A
Ys -st—qc s—s‘n"‘r - gs
L < sL, -sL,’
. . 2 )
Bis) _ _IN3 —sNp 5 - sNy
8(s) fa)
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NUM

NUM

NUM

A 2 1 2 L] 1 1
YS [(5 -st}(s ~sN Y- - s 00~ sz )]
¥ + ] A + 2 I 4]

- Lg (+sNy Ms—sY, —gs) + (s —sN, )J{~s¥, - qc)
+Né [l-— sL, )(-—s‘?p- ge ) —{ 52— st' Ws - sqr —gs)] (C-21)
A 4 3.0 3 + - 2 o
Y8 [s—sNr-s Lp sNer—s Npl-r]
_ ‘ L 2'.\ ' L] - an _ 2 + 2 A (s 1

LB[S Np 5 Yer sz gs 8 YD s gc s Yer sN, gc]

* [ 1 3 1 1 '
4'l~.|8 [sz “er + s, go:—s3 * s Q,"' szgs + ssz— 52 ¢,Lp-st gs] (C-22)

4 34 v 3A 28 28 o 2h1 28 L

R S T Y e A T A T e T,
LI 3a 1 2 24 [ Voot 22 [

~sNpLg 9s —s Yo Ls-s Ly 9c + s Yo NrLg *+ sN/Lg gc)"' s Y NSL,

LI | 3 ] 3 ] Z 1 2 [ 2 A [ [
+ sNgl,gc — §Ng' + s7Y, Ng + s"Nggs + s"Ng L =5 Y, NgL-sNg L, gs (C-23)

This simpiifies to:

where

NUM = Ag st o+ B s>+ cg 2+ Dg3 (C-24)
. c-25
Ag % ( )
] [] A 1 ] [l B 3
By ¢ G M —YstH}pL - Nyt %Ny (C-26)
) ] 1} 1] L] L] A L] 1
cg - OaNy L~ SNy — Nolg + S NgLg* Ligc —YoN/ Ly
A + 1 1 L] I_ A 1 L
+ YPNSL' + N8 gs + NSL‘P Y, N8 Lp (0_27)
DB - +N$;L3l gs — N,'Ls‘ gc + Ns'Lr'gc - NB'LF; gs {C-28)
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NUM

NUM

NUM

s -8y, -, ?3 s- o ~os (C-29)
...LB ﬂ La' -sty
$ () “sNg" Mg "5 h o
s

8 (s) A

-Ya[l sk )(+suﬁ+u )+(-sLB " Ks®-nN )]
+L8[(s~wé-Y Ns? -sN, )-(s-n’ -g:N-—sNB—N )]

[(+sﬁ Ms =% —gs) +0— st Ns ~s74-%,)] (¢-30)

"'YB [ NBL + sN L)+ s’L'B - SN L+ s'l.ﬁ- Th ﬁ]

" L] 2 L] Z 1 y [
+La[s - % Nr‘*l Y‘; + s Y,;N,— s Yv"' :Yer-l- 3 NB+ sNB
-sYH P~ $N:gs~ N gs

Mg eI NG aNg o - N o]

[-: Lgt G LG sts o =slgtshlgt Loas+ L L] (C-31)

25 1 ~ [ b To) ' 25 Vo 28 ~ Vo
+3 YSNBLr"' SYSNBL"FS YsLB"' 5 YaNr LB'+ H YSLﬁ— SYB NTLB

S A A N N A P AR NGLg
3

'HN L -3 Yﬂﬁ B 'Y'NBLa ﬁL gs - N ﬁ 8“ - 8Lﬁ-

+3 ?fNaLﬂ-l- lNaLBﬂl - 'NSLB+ ﬂ“, NaLﬁ'+ NsLﬁgs +st NB'L,'

2 o 0,
- S Y,NgL, ~ sY, Ny L, (C-32)

This simplifies to:

NUM = A¢s' + B4,sa+ Cos + Dy (C-33)
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where

¢

NUM

NUM

"

“YgLa* Ly - Yy tg (C-34)
+Y8NBL - YS . B+Y8LB - N, L8+ Y‘NrLS é+ N"L'a
(C-35)
- NgLy - Ng'Lg'+ ¥ Ny Lg e NgLl - Y gL/
+?8N|él'l.'— ¢8N; L'B+ Y, N Lt Nﬁl Ly- ?r Nﬁ.L.B- Nﬁ Lgos (C-36)
+NgLgos = Nylg+T Nglig = Y NgL, (c-37)
-—NB'LS' as + Ns'Lﬁ'gs
s - sY; - Y, —s“;‘p-— gc ¢8
-sLﬁ—Lé s - sty L'a
rs) “eNg-Ng "N "8 (C-38)
213(s} &
Vs [(-sn, N-stg —Lg) = (s 2osL o~ N~ B)]
—LS[H Tp + 961 sNZ=NZ) +U= NGNS - aYy oYy 1)
{C-39)

+N8[(s sY YH: -sL| )+f—sB B!{+ sY +qci]

s[su L +sN L'+ N +’NB -3 NéL",-sNI‘SL",]

B B
+Laf[ "N+ Y NB+ sN ve + Nggc &Ny~ v Mg -e N

+N ' s -sfi-ey vty Li-siy + ¥ L'- sz;" L.-sL' ge~ Y L gc 4
sl 700 e b el (C-0)

pt vp T v T p P g
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25 ' -~ o 35 [  Jod ' L 30 o -~ )
UM s TS Ty N L TNy Y g - sTghaLL - YN,
ﬂ!?’NéL'a-i- 9, Ngty* suél.'aqc +NB'L'8¢c +Np Ly~ 3TN — sV NG Ly
* P hg- st NG LY N ST NS st NG oY N L Vgl

-sN L:ge ~ s N'L'-N'Lgec

LY P38 3P (C-41)

This simplifies to

NUM= A s®> + B, s + C;s + D, (c-42)

Ar z $8Nb+ N.a - Y Ns (C'43)
B, = ?8N';L'ﬁ+?aub-?anﬂup+?pnﬁl_a'+ Nplg=YyNyLy
-NgL, * YyNgLo- Y, Ng-T NgLs (C-44)

Ly +N; L'aoc -Y, Np La'

R

+Y, néL'p - na'l.Bi 9c - Y'NSLB (¢-45)

YSNP LB - Ysﬂﬁ Lp-l- s‘fp NB

0 = +HhL'ch -NéLégc (C-46)
m¢/wd

The “’¢/‘”d ratio is the undamped natural frequency of the roll angle per
delta aileron numerator divided by that of the Dutch roll. The ¢(s)/6A(s)
numerator has the form

A¢ st !*S"" C¢l + D¢ = O (C-47)

which has the usual form of solution

(|+-.-!!;-Ks+2§¢u¢s+u;l (C-48)
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/B or ¢/ve

The parameter ¢/ is the ratio of roll to sideslip in the Dutch
roll mode. As a modal parameter, it is independent of the form or kind
of input. The programmed expression may be developed by forming the
ratio of transfer-function numerators for a pure yawing moment input:

Yr
s{l=Yyl-Y, 0 s(l-u—o Uo —sin [}
—sL'B- 'B 0 —sL,
—sNa— N, N s —sN, se=C0 w. +jw 1-£2
P, B B DRDR DR DR
} Yp Y
BDRO -4v-+ wsr} su—fd-%wmﬂ
° ° (C-49)
0 S _"L'ps ) -SL'r
N —Np's s 5N, s:—8 w +tiw. . /-2
OR DR DR DR
from which
[ll'(v—r-lHL' u-Y-l]sz«r[(-Y—’-nu +LadsinDy—L, Y, s+ e sinl
e BUo A A Ty M <L 7 Ay S
2? z (C-50)

-hs +[L,-Y'+-—-sml"o Lp(—--I}]s +“""U cos - LpU—-smF )s
g =

_ . 3
Eorwor+iwpRa/1-Cpn

To evaluate ¢(s)/5(s) for the Dutch roll mode Tet s = app jwdDR

This results in an equation of the form:

Pls) | oy +jwgy

Bis) op tiwg,

(C-51)
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Now ¢/8 as defined above 1s a complex vector {er phasor) in s. For the
Dutch roll,

s -CDRwDR"'wDR m (C-52)
s = ~Lwptawp (C-53)

Wny * Wn B (C-54)

This is substituted into Equation C-50, thus the magnitude of the
phasor is

[¢] _|on+wn

(C-55)
1B] | op +wh
[#] 572058 || deg P
LR - where o * —==c—=—= (C-56)}
Ve Uola')i 18] ft/sec 0025769
Sideslip to Control Deflection:
Y.
o, ‘e Ci3
NUM AL Ly Czz2 Cp3 (C-57)
80‘5) a
This is of the form: leo Czz Caz
Bis) 3 2 | i |
NUM 25(As"+Bas +Chs+ D= A s(s+?-}(s+r—){s+r——~l
Sqls) B” B B "B "B B, B, B,
(C-58)

When Y(S is zero, the order of this numerator is reduced by one.
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Rol1 Angle to Control Deflection

Y
Bq
Ci Vo Ci3
¢(5' '
NUM =€ ¢ (C-59)
80(5]’ 2! 80 &3
C31 N3, C33
This is of the form
NUM ¢“)=A S4B, sf+C s+, 2 A (s+7-)sf+20 w,s+wd ) (C-60)
Bals) P PP TP Ty IR

The above equation normally factors into a real root and a complex pair
of roots. As already noted, the real root is zero when PO is zero.

The damping ratio, c¢, and natural frequency, m¢, of the complex

pair are calculated in the same manner as the comparable Dutch roll
parameters in Equation C-19. Strictly interpreted, this is the numerator
of (1/s) p(s)/da(s) rather than ¢(s)/ﬁa(s).

Yaw Rate to Control Deflection

'8
Civ G2 135
NUM-E'!'ﬂ""SNUM ¢(S) =S5 c2| C22 L (C-ﬁ])
Bqls) Sqls! Ba
€3 C3z Ny

This is of the form:

NUM Sr((s:‘ = 3‘Ar53+BrSE+CrS+Drl (C‘GZ)
(+]
z sAr(s+—T!EHsz+2§Rsz+w§) (C-63)
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Rudder Transfer Function Numerators

The rudder transfer functicn numerators are of the same form as the
aileron transfer function numerators with YG R Lé , and Nar substituted
for ¥, Lé , and NG , although they may factbr d1fferent1y

a
Rudder Transfer Functicn Numerators, Option 2

The roll rate response to a unit step control input is shown to be of
the form

UNITY

(t) s Kp+K e"*"ﬁ*” e"lf'*q- ko | e " *DR“DRT cos (w t+y.)
P ; p PR ps S I pDRl dDR P
TEP

(C-64)

The corresponding sideslip response is

| |
-1 -—1t ‘ “Lnpwnpt
1) sKptKn € T, +Kap @ To +|K € *DRTDR coslw t+y )
B uNIT B BR R Bs S | BDRI doR WB
STEP (C-65)

For an aileron control input the parameters of these equations, as
well as time histories of roll rate, bank angle and sidelsip angle,
will be printed:

Kp Ke Kg KB
KPR K KBR
KpR BR
Kps KPS KB KBS
-
' KPPDR : MKBPDR
|KpDR MKPPD lK'gDRl
¥p PSIP “'ﬁ PSIB
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If 1/TS is zero, a message to that effect will be printed instead,
since in that case the time history equation has a slightly different
form.

Some parameters indicative of the amount of Dutch roll response
in abrupt aileron rolling maneuvers are given. For a step control input:

[(p +p ~2p
1 3 . g > 0.2
a-+% +2% DR
Roc/fov = P - p (C-66)
L2 § _<o0.2
p +p DR
L | 2

where P is the first peak, Ps is the first minimum following P>
and Py is the next peak value of roll rate. In the same way ¢osc/¢av
is given for an impulse control input; it should be identical to the

POSC/Pav for a step input. Also given is:
Kg /Kss = IKPDRI /Kps KD/KSS (C-67)

The parameter AR
of Piloted Airplanes,
response to a step roll control input. Over a time interval of half
the Dutch roll period or two seconds, whichever is longer, AR is

max
the magnitude of the difference between the largest positive and the

max® 2% defined in MIL-F-8785B, "Flying Qualities
" is a measure of the amount of sideslip in the

largest negative values of sideslip angle:

AR, DBMAX

For an aileron impulse the phase of the sideslip response in the
Dutch roll mode is

7N PSIBP

2

The phase angle between the ¢ and"g Dutch roll responses is a
model parameter, independent of the input:

4 p0/B ANGLE #/B
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This is the angle in the complex reprasentation:

RETY/: (c-68)
-np—u-l = |-——
B lor B lor
Rudder Transfer Function Numerators, Option 3

With this option, the transfer function numerator of side acceleration
at a distance mx from the CG is given. This numerator is of fifth order:

[}
a
NUM ...._Y_ti = Ao'y s5 + Bo',s‘“ + Cu',s" + Dl:l;,s2 + Eu;s + Fo', (C-69)
Y

Account is taken only of longitudinal displacement from the CG:
(:'y = uyCG + ﬂ‘; (0_70)

Both the sensed a& (the sum of inertial and gravitational accelerations)

are the inertial a; are given,

Option 2 Equations

Posc
Pav
Using equations C-12 and C-60, SS{'SEI)? = —I-g-L rand p= s ¢,
o(5) s(A¢53 + a¢52 +Cys +n¢) (C-71)
1Balgrge  s2(As* + Bs® + cs® + Ds +E)
K K K K
i) Ko R, % P, 2 (e
Baleres ® Tarl T eal T so o S
Balgyep s+ra 15 %7 %r " 1“dpr $~ %r ¥ dpR

* _ Kince p = ¢ - P sin Ty this implies a near-level flight path.
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Taking the inverse Laplace transform,

it ) % Dgwbﬂ'
p{t) =K. +K. @€ Tp +Ko & S5 + Ix' |
UNIT P R P P cos (w
STEP R S OR (“4or
Where

Ags® + Bps® + Cgs + D@

K, = D
P At + B’ 4Cs2 4 0s +E lszo = 2

3
. _A'_(A¢53+B¢sz+c¢s+ D¢)
& (s+ .'r)(s +2§ RS +wDR) ___1!?
; =—A—(A¢s +B¢s +C¢s + D¢,)
2 R0 2hoeone TR |y L
S

L (A¢ s>+ By s? 4 Cps + D¢)
i A S (sr B ) ot v )

DR

% + jwp .

- . NUM NUM = |k |el'llp
o + jw P
'OENOM  TDENOM

}
CEf + tuz 2
IK | = NUM Nlnﬂ
ﬁ 2
o + w

ENOM  TDENOM
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. (c-80)
e | = 2[5
DR !

T -+ [ “Poenom (c-81)
lllp = tan ( 5 - fan %

PNUM DENOM

Now posc/pav may be found by setting the derivative of Equation C-73
equal to zero and solving for the required peak values.
The values used to compute p /paV are also used to compute the peak

ratio, pzlp].

0scC

¢osc/¢ov and 4’(")

¢(s) _ A¢ 3 4+ B¢Sz + C¢S + D¢

(C-82)
s(as® + Bs® +Cs? +Ds+E)

1%l ey se

Comparing Equations C-71 and C-82 it becomes obvious that they are
jdentical. Thus,

Fose_ _Pose
P
¢ov UNIT W lunir
IMPULSE STEP

Equation C-73 may be integrated using initial conditions:

tﬁ(ﬂ‘ O ot 1=0

UNIT
STEP
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This results in

+ .
R s
d(n = K, t+ K r(l-e )+K 'r(l—e )
UNIT P R R 53
STEP
Kl
l poRl

-0 wnot
( Dﬂ“"nﬂ)2 +(“ \ {e o [thRWDR e (wdl'm * %)
OR

{C-83)
+ w sin(w t + )]+ W, . COs
bR 4or’ * ¥ Sor “OR* ¥,
-~—w,  sin }
dpR p
Equation C-83 is solved for the input times tys tB and tc to give
the bank angles required in the Aﬁmax requirements.
BByax MNP VB
Using equations C-12 and C-58:
s(A $+8 sz+Cs+D)
<1 I 0 - B - Y - MY -
Sa s?(as* + Bs® 2 4 (C-84)
| ISTEP (As* + Bs® + Cs® +Ds + E)
K (C-85)
K K K K
Bls) - B + BR + BS + B, + ﬁz
= —s i Py — -
139 grep St v R Mipg 1T DRT Mg
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Taking the inverse Laplace Transform with a unit step input:

-t “r!;' ~$or¥pR!
) = Ky + K R + + Ky '+ (c-86)
At |UNIT B BR. Kﬂse ‘BDRI. Fos (wdDR V. )
STEP
where s 2 0
s
- Aﬁ +aﬁs +cﬁs + DB % (.7
B as*+Bd+cs?+ 0s +E | .o E
A 3 2
L (Aﬁs +aBs +ch + DB)
BR s(s+i'.g)(sz+2§DRwDRs +ng) s=_?:a_ (C-88)
i 3 2
) =T(Aﬁs + 8y +ch+DB)
BS s(s +-—.:.E)(.sz+2 CDRwDRs +wlz)R)s=__I_ (C-89)
s
4 3 2
. - A(“BS +egst+cps + DB) .
Bl’ s(s+?'-)(s+—.'r—)(s—a' + jw )
DR d - .
R S DR’ |s = GDR + ,wdDR
~ Baum *t Baum IK |‘i\PB
= — + jwﬁ B B, (C-91)
‘BDENOM DENOM
a‘z + wz -é
- ﬁNUM BNUM
AR 2 (c-92)
} o, + w
DENOM BDENOM
' - (€-93)
IKBDRI 2 IKB!|
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w
v = tan” ( :BNUM )_ van-! Boenom

(c-94)
B T BNUM BDENOH
Let t1 = largest of dDR or 2 seconds.

Compute: f3(')

B(tyax) —> MAXIMUM B(1) for t < #
Bltyn) — MINIMUM. B(1) for 1 < 1,

A BM Ax © lLARGEST POSITIVE (1) - LARGEST NEGATIVE B{1)

(C-95)
where the largest positive and largest negative R(t) refer to the
B's B t, tmax and tmin
Vg
Using Equations C-12 and C-58
3 2
s{As"+Bys5° + s +D
(s) _ {ag=+Bgs" + Ggs + Og) (c-96)
4 3 2
IaallMPULSE s(As* + Bs® + cs® + Ds + E)
K; K; K, K3
Bis) __BrR__ B B N 2 (c-97)
IS i +-L- $—0 - jw s-o  +jw
°lmpuLse st T DR™ dpp DR~ “dpg
Taking the inverse Laplace transform for a unit impulse input:
|
‘r—R' -?'S-r gnn oR'
h_)l = K, e + K, ® +|K' Ie cos fwy, t+¢§'
P UNIT Bg BS BDR ("Dn "ja)
IMPULSE
(C-98)

72



AFFDL-TR-78-203

To compare KB (in the step response} and Ké (in the impulse response)

with w = Wy s the complex coefficients may be written in the manner
DR

of Equations C-86 and C-87.

o + jw
Kﬁ . BN ﬁN (C-99)
) (0"+jW)(T|r.é_ +a-+jw)(-;!£g-+a"+jw)(j2w)
KB. = (0 + jw)k | (C-100)

Referring to Equation C-94, it {is seen that the phase of the impulse
response leads the phase of the step response by the angle tan'1(m/c); or

qé' = ¥ o+ tan”! ...Wdi

-L (C-101)
DR“DR
The coefficients of C-98 are not calculated, as B(t”unft
is not reguired. impulse
< B
Using Equation C-51:
o tjw
s N — dy _ (C-102)
Bis lpg % T %y
. (c-103)
pls) | _ 3oy + iwgy)
o + ]
Ais) ,DR o J‘M“’D s o+ jw
DR dDR
(c-104)

. (%R * Mapg (o + fuay)
a'D + jwdD
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pie) | LNt ey _|K|ej¢79L (c-105)
g+ jw -
Bls) | D (
w& wd
¢ 2 = 1an”! ( ,N)-mn" (—0.-9_.) (C-106)
B %N D
Kp/Kss
Kp/Kss = IK;’DR|/KPS (C-107)

Option 3 Equations:

Sensed lateral acceleration is the sum of inertial and gravitational

accelerations:

0 = B+ tor + (00 5)(3) + (0 E) (1) + L (e

The program solves the augmented determinant

sY, Y
P 9

s{1-Y)-Y, - U, ——U;cosl'; s(—-w;)——%;sinro xs

- I- - 2 ' - ¢
o sl.[3 LB s +st sk, 28
N Y =
5 -sNg = Ng ~ Nys s2-Ny s Mg

-ys gcoshy —(ﬂsz +U,s -~ gsin I;)o

(C-109)
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for sensed acceleration on the x axis at a distance Lx ahead of the CG&
to abtain

ay B

5 = YNy -gecos I N8¢ + (2,:2 + Uys - gsin l;)N:

{C-110)

The result is a fifth-order polynomial (for inertial acceleration one of
the roots will always be s = 0):

N,=A'

-] 4 . . o2 ,
3 d,s +B°-ys +cas+qus+Ea s+l-;,

Yy ¥ y {C-111)

but even for sensed acceleration the program ignores

. -qlsinI;cosI;(LéNb -m'sL'B)/uo (c-112)
The fifth {zero) root is not printed.

Coupling Numerators:

Coupling numerators are detailed in Reference 7, Sections 3-5
and the lateral-directional case is explained in Sections 6-11.
Coupling numerators for the lateral-directional case follow from an
analysis similar to that presented for the longitudinal case in
Appendix B. Feedback of bank angle and roil rate to aileren and
yaw rate and (crossfeed of) aileron deflection to rudder results
(if p = ¢) in

oy o|z+(Kps+K¢)78° on-H(rYar B Y8¢+ Ks Yar
¢

a
0y agp+( Kps + K¢)|.'8° ap3+ |<,|.'8Ir = 'Su + KB,, Lat
o azg+ (Kps + Kg) N'aa Oyat KrN'SU r N'B» + "8‘,"'8,
v (C-113)
8
8. * LB' 3,':
N'ar



AFFDL-TR-78-203

from which Tateral-directional closed-Toop transfer functions can be
expressed in terms of coupling numerators formed solely from feedback/
crossfeed gains and the matrix equations of motion of the unaugmented
vehicle. The closed-Toop denominator is

¢ "

r r
Bg = B +(Kps + K¢)N8° + KNy + (Kps + K¢)K'N8a8r (C-114)

For aileron control inputs

B B B Br By (c-115)
Nsa, " Msa *¥8aMar T Kr Meas, * K (Kps +Kg )Ny Ty

¢ $ .ok N+ N (c-116)

NSuc NSO Sa ¢ ¥ "8a8¢

Né“c = N;a + Ks Nér + K (xps + K¢)N;:3, (c-117)
while for rudder control inputs
Nsc = Ng + (kps + K¢)N§r§a (c-118)
Ng:c ) N:r (c-119)
NrSrc : "rs, + (Kps + "qb) ”:;3, (C-120)

Note that the properties of determinants eliminate a number of the
couypling numeraters.

Other multiloop control problems may be worked by analogy to

these examples. For more detail see Reference 7, which in Sections 3-5
goes on to show the use of this concept in multiloop analysis.
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APPENDIX D
TIME 70 nt" aMPLITUDE

Oscillatory Mode

The governing equation for an oscillatory mode is

A= A el t sin(w t+¢)

The amplitude of this mode of motion

A A, e~ Swp t

s0, at time T =1,

Aje” Cwp 1y

o
"

and, at time T = 2,

The ratio of these amplitudes is

A, _
a, ¢ Swn (t2- 1)

Taking the natural logarithm of both sides

In 8o/ = - Lwy (12— 1)

For a particular nth amplitude, in this case 1/2 amplitude,
Ant0.5)
t,—-t=7T =T B —
27" ' 1/2
2 Lw,

or T, = 0.693
/2"
;“’n

For time to double amplitude, the same equation holds.
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Nonoscillatory Mode

Consider the case of a second order mode with one real root and
one root of zero. The equation has the form

X+ K ko=t (D-8)

which is identical to the roll mode. Inserting the roll parameters yields

$ - Lo = LgBl1) (D-9)

Let the forcing function be a unit impulse at t = 0 and taking the
Laplace transform

8 (s)

2 - =
s“d(s) - Lps s Ly (0-10)

or

$is) Ly K K2

Sals) s{s- Lp) T s + s—Lp

(D-11)

The method of partial fractions allows solution of K1 and KZ:

L
N = = - K (D-12)
p
50
-L
3 ! I
¢t = (4 - 50)
Taking the inverse Laplace transform yields
= - a~ /T
P (1) LBTR (1- e VTR) (0-18)
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where
L I/ILpI
Now
¢in) = LyTR (1-eh/TR) (D-15)
and

lrg) = Lo (1 - e~ 12/TR) (0-16)

The first problem is to determine what Tp is in terms of amplitude.
Since LGTR is effectively ¢(=) for a unit impulse

${1) = plo)(1-eVTR) (D-17)
S0
:(t) 1o e—l/fﬂ (0-18)
max

Letting t = TR

(1)
¢

= 1-037 = 0.63

So the value of the time constant yields the time to 63% of the
maximum amplitude.
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| §
if ‘M ) = 0.5 then
Prmax
0.5=i-e" VTR
e VR:-0s5

Th dn 0521 =T, = 0.6937,

For the case where the aperiodic mode is unstable

¥/,

P(1) = LSTR (e R-1)
First examine the case of ¢{1,)/L8 Tq * |
¢ly) yr
T e R-1=1
3R
o)
t/7,
e R = 2
and
UL dn 2 = 0693 1,
as before.

The same equations govern the single pole solution.
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APPENDIX E
COMPUTER PROGRAM LISTING

This appendix 1ists the two programs along with their
subroutines, the output, and a list of the input. The program
can be keypunched from the listings shown, and the sample data
can be used to check the program to ensure it is functioning

properly.
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LONGITUDINAL PROGRAM
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LONGITUDINAL PROGRAM LISTING

PROGRAM LONG [ INPUTOUTPUT,.TAPES=INPUT, TAPES=OUTPUT) s0c1da

G LONGITUDINAL TRANSFER FUNCTION INCLUDING THRUST AND GAMMA 000119
OOUBLE PRECISION ROOTRDs ROOTID, DLy THs ¥+ M2 W, RTR, RTI, AZ sBg120
DOUBLE PRECTISION AWU,AUH,ANH.AUAZ ea6134
DIMENSION RR(5)4RI{51,RO0TR{5),ROQTI(5)s DLAS)+TITLEC1]) 0aa140
DIHENSTON TH{31, Vi4), H{4Y, AZULly WlGY 000150
DIMENSION RDOVRO{S5), ROOTID(5), RIR(S}, RTI(S} 000160
DIMENSION INDU13,2) s AN IV LAUHLZ) (ANHI3) JAUAZ( D) 000170

C OMNON WRRyRI+XKONy WHLA, ALANN, LL 0a0ia0
COMMON  FA/RTR+RYI 900190

L OMMON/ B/ XD s XUs XQ 9ZD » ZUy ZQp AMD s AMUy AN 4 Us GSG1GCG ¢ AN By CHy OW, ooaz00

1S oRHO 4G4 GHT + ZT TOTo XTI 4CL 9 CLALCLADW LGy CLDE ,CLM,CD,COALCDAD,COQy 106210
2CDDE,COMy CHA, CHAD, CMO4CHOE o C MMy ALPHA GAMA 4 CNoCNA o CNAD, CNQ, GNDE 4 gapa2o
BCNMaCX o CX Ay CXADSCXQo CXDE o CXM o KN s Zity XWDs ZWDALA L, VE, ao0230

b IMAC AMLATY ALYy AMM AMWD W ALALy ANZAL,CHO 800240

c FOR J=, USE DIMENSIOMNAL STABILYTY DERIVATIVES. 000254
c J=1, USE NON-DIMENSIONAL STABILITY OERIVATIVES. 4002590
c FOR K=, USE NON-OIMENSIONAL STABILITY-AXIS STABILITY DERIVATIVES. 008270
c ¥=1, USE NON-DIMENSIOMAL BODY-AXIS STABILITY DERIVATIVES, 900230
c FOR M=0, USE NON-OIMENSIONAL STABILITY OR 800Y AXIS DERIVATIVES ao00290
C Kzly, USE NON-DIMENSIONAL BODY~AXIS STABILITY DERIVATIVES. 900280
c FOR M=D, USE NON-DIMENSTONAL STABILITY OR BODY AXIS DERI¥VATIVES 000230
c HITH UNITS OF 1 PER RADIAN 000360
c H=1, USE NON-DIMENSIONAL STABILITY OR BODY AXIS DERIVATIVES a00319
c WITH UNITS OF 1 PER DEGREE 0q032¢
DATACINDUT 1) +I=1,12)/712%5H F+IND{L,21/72H FOR ALPHA AND CONTROODD330

10L DERIVITIVES, ANO PER RAD FOR AD ANQ O DERIVITIVES/ 000340
JJxx=0 000356

100 READ (S410)J4¥eMy RUNS(TITLE(I) 121,11} 0003640
IF(EQF(5) .NE,. 0} STOP 900370

16 FORMAT(I1.T1,11,A3.11A6) 000380
WRITE (64110 RUNy {TITLE(I)I=1,11) 0003942

i1 FORMAT{1H1,10X+4SHROOTS OF A/C LONGITUDINAL TRANSFER FUNCTIONS 000400
1 FiIHO2TXAHRUN NO. 4 AJ/1HO, 7X.1146) 000410
IF(JaLT,21G0 TD 328 0008420
JRK=1 000430

J2J-5 ' 000440

320 IFLJITFL,32,34 0004540
i IFIKY 34,33, 34 o0oL6d
33 IF(M.GT.4ICALL CHNG(M) 000470
IF{N.GT.4)G0 TO 1081 000484

READ (548054 2ZHAC, AN, UyRHO G, GHTs ALYy ZT o AL X TOT 2 X1y 8004990
ACL+CLA, CLAD,CLQ+CLOE sCLMNy GDsCOAs CDAD,CDQsCDDE L DM, aoos90
2CHO,CMA,CMAD, CHG,CMDE ,CHM, ALPHA: GAMA 0100510

) FORMATIGELZ.0) Qeas20
1001 IFIM.GT.4)H=M=-5 L1 EET
IFIM)I 106, 37,106 800540

37 WRITE (6424)S+ZHAC,AN,UsRNO Gy GRYJ ALY ZT AL X TOT 4 X1, 000550
1CL+CLAy CLAD+CLACLDE s CL M, €0, CDA, CDAD ,CDQ, CODE, COM, 030560
2CMOyCMA, CHAD, CHOQ: CHDE + CMN, AL PHA, GAMA 030570

24 FORMAT(1H Fi0XGAHINPUT DATA (STABILIYY AXIS DERIVATIVES),PER RAD 000530
1 ZL1HO 26X 3IHS S IPEL24%y bXSHMAC =E12.4,IXEHMACH =E12.4+5X3HU =E£12.44 800590

2 4XSHRHO =2E12.445X3HG =EL12, 4/ JUSHGHT =EL2.444XFHIYY =E12.44 240600

3 SXLHZIT =E12,dyWleHLY =E12.44&XGHTODT =EL12, by XeHXI =E{2.474X4HCL =000610

G EL12,%,4XSHCLA =E£2464 ¢y IXBHCLAD =E12. 43 3XSHCLQ =EL124 4, INGHCLDE = 080620

5 E12.4¢ IXGHGLM =EL2.#/4XUHCD ZEL12.4 4XTHEDA =EL12. 4y IXNGHCDAD = 930630

6 EL12, %4, INSHCDQ =E12,4+3XEHCODE =E12.44 3XSHCDM =EL12, 4/ 3XSHCHT = o064l

7 E12e 4y #XSHCMA =E12, 4, IXBHCMAD =E12.49IASHCHAQ =E1 2. %4 IXOHCMDE = 9006590

B E12.%s IASHOMM =E12.871H JTHALPHA =€12, iy IXOHGANA SE12.4) d0de60

GO TD 101 Ga0&70
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ite

34

9
1003

36
258

LONGITUDINAL PROGRAM LISTING

HRITELE,105V {INTO{I+M),I=1,8} 0egs80
A s S+IMAGsAM s U4 RHD 9 Gy GHTATYy ZT 4 ALX, TOT,XI, 000698
1CL CLA, CLAD:CLQCLOE s CL M,y CO+COACDAD +COQ,CRUE,CDM, pooa7es
ZCHOL,CHAL,CMAD, CHOy CHDE 2+ CHM, AL PHA,GAMA 000710
FORMATU( 1HD . 10X, 4BHINPUT DATA (STABILITY AXIS DERIVATIVES), PER DEGBO072D
A TA104A2 000730
1 FIHO 4 X3HS =1PEL1Z4b o 4XSHMAC =EL12.&,IXGHMACH =EL12.4,5X3IHY =E12.44 00G740
2 4YSHRHD =EL1Z2.44+5X3HG =EL2.4/IXGHGHT EL12.4.4XSHIYY =EL12.44 agavso
3 SXGHZT =EL12.G+4X4HLX =EL2.4+RXSHTDT =E12. 44, 4X4HX] =E 12 . K/4X4HCL =000760
b E12,% GXSHOLA =E12.4+IXEHCLAD =E12.443XSHCLQ SEL 2.4, IXGHCLDE = poor7e
5 E12.0443X5HELM =E12. 474 X4HCD =E12.4 94 XSHCDA =E124 4y 3XEHCDAD = 400786
6 E124 % IXSHCDN =E124 44 IXGHUDOE =E12.%, INSHCOM <EL1 2.4/ INGHOHT = asavoo
T E12.4s WNSHOHA =E12. 5%, IXOHCHAD =E12.493XSHCMO =E12. 4, IXGHCNDE = LEE-E-LT]
8 E12.45INSHGMM TEL2. 47 4H oTHALPHA =EL12, 4, 3X6HGANA BE12,4) 8008614
OTR=57,295779 pageza
CLA=CLA*OTR gooB3p
GCLDE=CLUOE*DTR [ ITELEY ]
CDA=COA*0TR 400850
CODE=CODE®OTR §00860
CMA=CMA*DTR jocaro
CHOE=CMDE®DTR 800844
IFIN.EQ.2Y GO TO 101 onpaan
CHEsCHQ*DTR a0Q904d
CHAD=CMAD*DTR 200914
CLAD=CLAD®DVTR adg92n
C1La=cLn*0nTR 000930
COAD=COAD*OTR augaLa
CoQ=COR*DTR 480950
GO TO 101 060960
TFiH. GT o4} GALL CHNG(M) Q46978
IF (MuGT.4)G0 TO 1003 000980
READ (54915, ZMAC, AN, U RHO Gy ' GHT4 ALY oZT ALXsTOT(XI, 0dp93n
LONyCNALCNAD 4 CHNA+CHOE s CHM 4 CX s CXAS CXAD, CXQs CXDESC XMy 001000
2CMOsCMA ,CHAD,CMD4 CHDE , CHM, ALPHA, GAMA 031619
FORMAT(SEL2,.0) 031620
TF{M GT 4 IH=H-5 001030
IF(MIL10T,36,807 B01GA0
WRITE (6425)CNyCNAZCNAD,CNQ+CNDE sCNM4CX 4G XA 4 CXADy OXU 4 CXDE G XM 010506
FORMAT{LHO, 10XLIHINPUT DATA {BODY AXIS DERIVATIVES)s PER RAD 0010640

1 /1HO +2X4HCN =APELZ, 444 XSHONA =E12.44 IXGHCNAD =£12,4, IXSHONG =E£12.0010C70
2l AXGHONDE =EL2.4IUGHCNM =EL2. 4/ 3XGHEX ZE12.GuXSHOK A =EL12.4, ga10an
3 IXGHCXDE =FE12.4yIASHCKD =EL2.453XGHCXDE =E1244:3X5HOAM =E12.4) 001098

oTe=57,295779 gpiidq
ATID=ALPHA/DTR 061110
SA=SINTADD) 001120
CA=GoS(aD0) 001134
CL=CN*CA~CX*5SA 00114630
CLA= {CNA=CX)*CA-(CN+CXA)"5A 601158
CLAD=GNAD¥CA-CXAD*SA 001460
CLM=CNM*CA-CXM*SA 041170
CLA=CNI*CA=-CY Q% S5A 01184
CLDE=CNDE®CA-CXDE®SA 001190
CN=CX*CA+CN*SA g01204
COA=fCXA+CNY*CA+{CNA~CX) *5A 001210
COAD=CX AO*CA+CNAD*3A agi229
COM=CYM*CA+GNM*SA 091236
COQ=CXO*CA+CNO®SA 081240
CODE=GXDE*CA+CNDE*SA 801254
WRITEAD 771 S+ ZMAC  AM U RHUSGy GHT ALYy ZT 4 ALX,TOT4 X1y gaized
1CLCLAy CLAQLCLQ,CLDE +CLHy CO,CDA,CDADCDQs CODE S COM,y 001270
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LONGITUDINAL PROGRAM LISTING

2CMO4CMA sCMAD, CHOy CHDE , MM, ALPHAsGANA ag1280
77 FORMAT(1HO.10X,35HSTABILITY AXIS DERIVATIVESs PER RAD 001290
1 /1HO,4X3IHS ZiPEL 2.4+ WXSHMAC IEL12.4,3X6HMACH 3E12.4,5X3HU =E12.%, 001308
2 WXSHRHO =E12.4,5X3HG =SEL2.4/3XSHGUT =E12,hy#XSHIYY =E12.4, a01310
I SXGHZT =E12. Gy 4NUHLX SEL124b 26 XSHTDT =E12. 4 4X4HNT =E42.4/74X4H0L =0043240
4 E12.4+4%XSHCLA =E12.4+INGHCLAD =EL1244yIXSHCLQ =E12, 4y INGHCLDE = 001330
5 E12,49IASHCLM =E12.4/74X4HCD =EL2.4,4X5HCOA =E12. 4y IX6HCDAD = 001344
6 E12. 4y IXSHCOO =EL12. 44 IXEHCODE =EL12.449FIXGHCDM =EL2. 4/ IXSHCHT = 001350
T E12. b9 hXSHCME =E12,4 +IXGHCMAD =£12.4,IXSHCHA =E12.4, IX6HCHOE = 001364
B EL2.%, IXSHCMH =EL12,4/1H +THALPHA =E12. ks IXGHGAMA =E12.4) 001370
GO TO 101 031380
10T HRITE(G'?B FUITNOET MY, I=1,8) 001390
A GNyGNA,CNADLCNQ, CNDE » GNM s CX4CX A4 CXAD , UXy CXDE 4 CXH 001400
78 FURNRT(iHﬂ,iﬂX;#JHINPUT DATA {BODY AXIS DERIVATIVES), PER DEG 001in10
A TALO,4A2 001420

1 71HO 42X%HCN =1PEL12. b+ HXSHCNA =E124.%y3X6HCNAD =EL12.44 IXSHCNQ =E12.001438
24 33X6HCNDE 2E12,%+3XSHONN =EL12, 0/ 3X4HCX =EL12.4+4XSHCXA =E12.44 00144l
3 3XEHCXDE =E12.%yIXSHCKQ =E12.4» IXGHCKDE =E12.,%4IXSHCAH =EL12.4) G01451

DTR = 57,295779 0014630
CNA=CNA*DTR 405470
GNDE=CNOE*DTR 001480
CXAxCXA®DTR 001490
CXDE=CXDE*DTR Q01500
CHA=CMA¥DTR 001513
CHOE=CHDE*OTR sa1s520
IF(M.EQ.2) GO TO 1D8 001530
CHO=CMO*OTR 001540
CHAD=CMAD*OTR 001550
CXAD=CXAD*OTR 204560
CxQ=CXa*DTR 0915740
CNQ=CNQ*DTR 0915840
CHAD=CNAD*DTR 904598
GO TO 108 001600
101 NTR=57.295779 201640
ZINASS=GWT/G 620
XIDD=tXI+ALPHA) /DTR 801630
CIxzCOSt{XIDD) 001640
SIX=SIN{XIDO) 901650
RSU=RHO*S*Y 001660
RSUN=RSU/ZIMASS 0031670
RSUIC=RSU*ZMAC/ALY 001680
XU==RSUM*{ (AN*COM/2. 0} +CD) 901690
ZUz=RSUM® {(AMSCLM/2.0) +CL) 0047040
AMU=RSUIC*{{AH®CHN/2,.0)-CMO) 901719
XW=RSUN*(CL~COA) /2.0 egi72o
IW==RSUN* ICLA+CO) /2.0 001730
AMN=RSUIC*CHA/Z.0 ooi7n0
AND==RSUMN*ZMACFCOAD/ {4. 0% 1) 001756
IWD==RSUMTZHACTCLAD/ (4. 8%} 01760
AMHTO=RSUIC* ZHACSCHAD/ (4. 0¥ 941778
XQ=z=RSUM*ZMAC*CDO/ %0 po17a0
Z0==-RSUM*ZMACTCLO/ &0 ga1790
AMQ=RSUTIC*ZHMAGC*CHQ/L (0 se1800
XDE= ~RSUMTU*CDODE/2.0 861810
Z0DE= ~RSUMTUCCLDE/2.0 poisz2o
AMDE= RSUIC*U*CMDE/Z2. 091830
XDT= TDT*CIX/ZMASS 001840
Z0T=-TOT*SIX/ZHASS 001850
AMOT= ZT*TDT/AIY 401860
ALA= RSUM*CLA/2. 001870
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LONGITUDINAL PROGRANM LISTING

ANZIA= ALA*U/G 001880

AKX=SQRTLAIY/IMASS) 001899

VE =U*SORTIRHOT420.T16}) 001900

NEPGN={ CNA¥CL+G*IMAC*CMQ*CLA/ (2. %U*U)) 001913

DEPG=DEPGN/ (CLA*CHDE-CHA*CLDE) 041929

G0 TD IS 901930

IFIM.GT41CALL CHNG (M) 001940

IFMW,GT. 460 TO 1002 0041958

READ {5 ¢12) XU ZUs AMU s MMy ZWo AMH o XWD o IND 4 AMWD o KO o Z U AMIL s X0+ Z09AM00 1960

104UsG+GAMAVE ¢ ALASANZALXDToZ0T s AHDT gg19rg
BKX=0. on1942

XDE=AN 901990

ZDE=IN 002800

AMOE= AMD ooz2o0i0

IF{MLGT o b I N=M-5 802020

FORMATIBELZ.O0) poacso

WRITE (64260 XUy ZUpAMUs XN ZW o AMN 2 XW0 4 ZHD 4, AMWD, XQwZQs AMQ, 002040

LXODEyZDE JANDE 4 XOTo 20Ty AMDT s, Gy GAMAL VE 4 ALA, ANZA, AKX gd 2450
FORMATU1HE, 10X, IIHDIMENSIONAL STABILITY DERIVATIVES 802060

1 71HO «2Xq4HXU =EL12.445Xs4HIU =E12.04,4,5X,4HMU =E12, 4 abzarg
2 73X HUH SELZe4+FXyhHIW =EL2.44SKo bHNW =E12. 4 002084
3 /72X, 5HXND =EL12,% 48X SHIND =E12.4p0X+SHMWD =E12.4 002099
b /3N 4HXQ =EL2.4,5X14HZQ =E12,%, 5K bHMO =E12.4 602100
SA2NSHXDE =E12.%+s4X e SHIDE =EL12: 444X SHMOE =E12.4 gp2110
AZ2Xy SHADT =EL12.444X2a5HIDT =E12.4+4Xs5HMDT =E412.4 8021249
B /68Xy JHU =EL12.4+6X9IHG =E12.4+1IXyONGAMA =E12.47 202130
T JINGHVE =E12.06, SA4HLA =EL12.% 24 XSHNIA =E12.4/3X4HKY =E12.4) 002140
IFCJ4ENQ.1.ANDK.EQW O FNRITEC(E 69} DEPG 0021540

FORMAT L 1H#44 21X, 6HOESG SEL244) 092160

OTR=57.295779 po247o

XKON=Z.*3.14159 002180

GOO=6GAMA/DYR 802190

S6=SIN{GDD) gd22e0

CG=COS(6DH pg221¢

6S6=6*36 go2220

GCG=6*C6 po223d

LONGITUDINAL DENOMINATOR CHARACTERISTICS 02241

00 128 TI=1,4 2022540

N{II}=D0,0 202264

WRITE (64161 da22ro

FORMAT(1HA, 20X+ S5HTHE CHARACTERISTICS OF THE LONGITUDIMNAL DEMOMINAQU 2281

1iTOR ARE) agz2290
A=1.,0~7ZHD 282300

Bz~A® (XU+AMD) ~ZW=-AMWD® (U+ZQ) ~ZU* XKD 002314

C=XU* (AMQ A +Z W+ANWD® (U+ZQ) ) = AMUF {XHO® (D420 +XQ%A) +AMQ*ZW 902320

1 #ZURIXHD® AMO-XW=-AMND*XQY +AHWD *GSG~AMH*¢(U+ZQ) 092330
D=GSG* (XKD AMUFAMW=-XUTAHRD) +GCGT (ZUTAHWD+ ANU*A) 0023449

1 +AMUSIXQ*ZU-XW* (U+Z0ID+ZUF (AMO*XN= AHN*XQ) 492359
2 HXUTCAMMNT LU+Z Q) -AMATTW} 032360
E=GCG*(ZU*AMW-AMU*ZN) +GSG* [AMUT KW=-ARW*XU) 00237

nLeLr=A 0g 2380

DL{2) =B ad23940

oL{31=C 0G0 2400

OL<4)=D 002410

DLISY=E 03 2429

N=d a0 2a3g

CALL DMULR(DOL:N,ROOTRULRO0TID 002440

H=i DD 2450

WRITE (64,4010 002460

FORMATULN o311X20HROOTS (COMPLEX FORM)) 002470
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LONGITUDINAL PROGRAM LISTING

WRITE (6,18) (ROOTROC(I) ROOTIOKI), I=1,N}
FORMATU(LH o 10XD12.4,49X012.4)

00 TO8 I=1,N

ROCTR(I ) ==-ROOTRO{E)

ROOTI(I}==-RQOTIOCI)

GO TO [6546T 7247304 M
IFC1l.E~-4~ABSIRUOTICLINY 143,110,014
Hi=SORT(ROOTR 1) **24+ROOTI (1) **2)

Z1= ROOTRILI 7 WL

W3xHi/XKON

L=1

IF(1.E-4=-ARS(ROOTI(3) I 115,146,116
W2=S5GRT(ROOTR(II**2+RO0TI (3} **+2)

22= ROGTR{3I /W2

WL=H2/XKON

GO TO (111+122),L

IF(NL-N2)118,118,117

WRITE {60141 Z2+W2oZ1sWloWieyN3

WSP= ML

GO TO a1

HRITE 1631h) ZLaWLloZ2a W2y U4 Kb

W5P= W2

FORMATCLHD » 2X4HIP =E1k.645XGHNP =ELl.648H RAD/SEC 45XSHISP =E£14.6,
15X6HHSP =€14,.6y8H RAD/SEC/26X4H 2F1446911H CYCLES/SEC,26X5H
2Elé.B4+11H CYCLES/SEC)

DuUMB=Z2

Z2=11

Z1=0UNB

STUPE=uZ

LFL1BY

HW1zSTURE

GO0 TO Bl

GO TO (20,21),4L

CALL FROCK (Z1,W1,RO0OTRE31,RO0TR (4} +H3I)
GO TO 4183
IF{1.E-4~ARSIROOTI(2Y))115,120,126
W1=SART (RCOTRAZI**2+ROOTI(2) **2)

I1= ROOTR{2} /ML

W3I=W1/XKON

GELL FROUGCK (Z1,WLi,ROOTRIL}ROOTR (L) ,W3)
GO TO 183

L=2

GO TO 121

WRITE (64 19)YIROOTRIIE 4I=14N)
FORMATE 1HT, 1X7HL/T01 =Ei4.6,5XTHL/TDZ2 FE14,645XTHL/TDI =E14.6,

15XTHL/TDS =E14.6)

GO TQ 83

CALL FRQCK (Z2,WZ,RO0TRILI,RO0TRIZ) yHWH)
GO YO 183

PER=XKONZ(W1*SQRT{L.~ABSIZL)**2))
TTO4=.69345/ (ABSLZL) * W1
TT02=2, 30259/ (ABSLZ1)*W1}
CT01=TTOL/PER

CT02=TTO2/PER

CT031,0/0T01

CTow=1.07CT02

WHLA =WSP/ALA

ALAWN =1,/HNLA
TIN = 2.%T1*WSP
WNOS = [(WSP}#2

87

Sk 2408
402490
492508
g02540
aa2s52e
802530
002540
802550
002560
002570
qa 25560
002590
082800
[ TF4-31
go2s240
f02e634
062640
102650
202660
002670
002680
002690
ao27e0
=002710
002720
002730
082740
402750
802760
w02779
Q027ea
002790
0623800
fn281q
ag2824q
8d2830
002840
gazaso
002860
no2avg
gaesen
ag2890
002909
o291
882920
pa 2930
002940
002958
002980
002974
0829840
802990
0038040
003014
an30z4
003030
Go3gLd
aa3es9
af3060
003070
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LONGITUDINAL PROGRAM LISTING

IFIZL14104110,%02 003084
WRITE €64 4263PER; TTOL,TTOZ2,0T04,CTOZ,CTO3.CT04 o TZNSWNOS,NNLAL ALANNDO 3090
FORMAT(1HE+ 1X17HSHORT PERIDD MODE/AHO,11XAHPERIOND =E13.5, 6X19HTIMOG310D
1€ TO HALF AMP., =E13.5,16X24HTIME TO OME TENTH AMP, =E13.5/1H ,36X2003110
Z4HCYCLES TO HALF AMP. =E13.5+1%X26HCYCLES TO ONE TENTH AMP. =E13.5003120
3/28X30HONE OVER CYCLES TO HALF AMP., =E13.%,5X35HONE QVER CYCLES T0003130
4 OME TENTH AMP, =E13.5/4TX1iHZ®ISP¥HSP =E13.5,3IXTHWSPSQ =E13.5 003160

521H o SOXTHWN/LA =E13.543IXTHLA/HN =E13.5) g03450
GO T0 T4 003160
WRITE {64149YPER,TT01,TT02,CTO1,CT02 ag83ivo
FORMAT{ 1H0, 1X26HSHORT PERIOD MODE 74HD 11 X8HPERIOD =E13.5,003180

1 4X24HTIME YO DOUBLE AMP. =E13.5,16X24HTIME TO TEN TIMES AMP, =EL3003490
2.5/1H 4 34XZIHCYCLES TO DOUBLE AMP. =E13.5,14X26HCYCLES VO TEN TIMEQO3200

35 AMP, =E13.5) 003210
PER=XKONZ (W2 SART (L. -ABS{Z2}**2 1) j03224
TT01=,69315/(ABSIZZ2)*N D) 003230
TTO2=2, 30259/ IABS{Z2)*W2} 003240
CTOL=TTOL/PER 003250
CTO2=TTO2/PER 00 3269
CT03=1.0/CT01 0032740
CTOR=1.0/CT02 003280
PTIH = 2.%22%NW2 003290
PHNOS = (WZ2}®¥2 003300
IFLZ217E5T6479 093310
WRITE (6413AYPERy TTOL,TTO24CTOL4CTO2+CTO34CV04,PTIN,PWNOS 043320

FORMATC 1H U, 1X17HLONG PERIOD MODE /1HO, 1iXBHPERIDD =E13.5, 6X19HTIMNOG 3330
1E TO HALF AMP. =E13.5,16X2LHTIME TO ONE TENTH AMP. =E13.5/1H ,36X2003340
21HCYCLES TO HALF AMP. =E13.5,14RX26HCYCLES TO ONE TENTH AMP, =E13,50033590
3/ 28X30HONE OVER CYCLES TO HALF AMP. =E13.5,5X3ISHONE OVER CYCLES ToOD3360

4 ONE TENTH AMP, =EL3.5/49%XQH2*ZP*NP xE13.5,34X6HWPS] =EL3,%) 083370
GO T0 a3 00 3350
WRITE (6,139}PER,TTOL,TY02,CT01,CT702 003390
FORMATL 1HG, 1X26HL ONG PERICD MODE /1W0, 11 X8HPERTOD =E13.5,003000

1 4XZ1HTIME TO DOUBLE AMP. =E13.5,16X24HTIME TO TEN TINES AMP., =£13003410
2. 5714 + 34 X?3HCYCLES TO OOUBLE AMP. =E13.54,14X26HCYCLES TQ TEN TIMEQO342Q

IS AMP. =E13.5) 043430
GO TG A3 940 3460
IF{LL.NE,1) GO TO B3 0034540
WRITELG 1 854) MWNLALALAWH 093460
FORMATISLXTHWN/LA =F13.5,33XTHLA/WN =E13.5) 00347)
WRITE 16,171 A4484040+E 003480
FORNATLLHO, 40 X1 ZHCOEFFICTENTS/LHT ,2X3HA =E14.6.5K3HB =€14.6, 00 3490
15X3IHC ZEL144 6o S5X3HD =E14.6,5X3IHE =E14.6) 0335010
ELEVATO®R 803510
XD=XDE 003520
ID=1I0E on3530
AMDzAMDE 003540
Ji=@ 003550
IFIXDELEQaG oo ANDLZDEVEDL Do« ANDL AMOELEDLG.Y 6O TO 38 903560
WRITE (6,301) RUN op3574
FORMAT (LHA,8HRUN NO. (A3 10X ILHELEVATOR NUMERATOR CHARACTERISTICS)DG3ISAE0
TMETA NUMERATOR 03590

D0 131 TI=1,5 003608
RODTRIIIY=D.10 043610
ROOTIAIT)=0.C 803623
WRITE {5,302} 403639
FORMATULH=, 15X*THETA PER CONTROL DEFLECTION¥) 403644
AT=ZD*AHWD+ AND®A 03654
BY=XD®{ZUSAMWO+AMUTA) +Z0* (AHU*XHD #AMK=XU* A MW D) 003660
1 -AMD®[XU*A+ZH+ZUSXHD) 0036740

58
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LONGITUOINAL PROGRAM LISTING

CT=XD* (ZUTAMK-AMUSZW) +ZD* CAMU* XH=-XUPAMHY + AMD*{ XUPZH-ZU*XW}
THiL} =AY

THI2}=8T

THI3)=CT

IF(THIL) LEQL0.260 TD 42

N=2

CALL OMULR{TH,N4RODTRD,ROOTIM

n=2

G0 TO &6

IF{L.E~2=ABSIRDOTI{L))) 134,135,135

WT1=S50RT{ROOTR{1} **2+ROOTI(1)*¥ 2}

Z= ROOTR{LY/¥WTL

WRITE (64221 2,U4TL

FORMATUIHO . IXHHIT =Ellhe by SXUHWT =£14,6)

G0 TO 98

ROOTR(1Y = CV/BT7

HRITE (64161 ROOTRIL)

FORMATL 1HA, 4XEHL/TT =Eth.b)

G0 ¥O 90

HRITE (6423IRDOTR(L) ,RO0OTRE2)

FORMAT( 1HO ¢ SXTHL/TTL =E14.6,5XTHL/TT2 =E1ko6)

WRITE 16,3831 AT,BT,CT

FORMATE 1HO» IXGHAT SE14.6 5XHHBT mEL% .6y SXGHCT =E14.6)
00 132 II=1,5

ROOTRIIINI=0.0

ROOTI(ITi=0.0

HORIZONTAL VELQCITY NUMERATOR

HPITE (6,27}

FORMATI1H~o 1SX*LONGITUBINAL YELOCITY PER CONTROL DEFLECTION®)
AU=ND*A+TD*XWT

BU==XD* (AMQ A+ ZW+ AMWD® (U+ZQ1) +Z0% (AHRD* XQ+ X H=XWD* AR{ )
1 *ANDY{XWDT {U+ZU) + 20" AY

CUSXD*( AHQ*ZR=AMH® (U+ZQ) +ANND*GSGI+ ZD* { XQ* AMH=AMND*GC G~ XH* AMQ)
1 +AND® OXH¥(US 2Q) ~XHD*GSG=-XQ*ZW-GCGT A}
DUEXD*AMH*GSG-Z0¥AMW *GCG + AMD*(ZW*GCG=XM?GSE)

Vily=ay

vV{2y=B0

vi=cy

Viur=0u

N =7

IF(VI1}.NE.D.) GO TO 152

N=2

ViLk=vi2)

Yi2r=vid

VIIi=viu)

TF(VILY.EQ.8.160 TO 15

CALL OMULR{V, NoROOTRD4ROOTID)

M=3

GO TO 66

IF{1.E=-2=-ABSIROOTIC(1))) 136,137,137

HV1=SORTIRODTR(1) ¥*2+ROOTI(LI**2)

I= ROOTRE1) /Wi

IFIN,EQ,.2) GO TO 3%

HRITE (6o48)2,WVL,RO0TR{3}

FORMATC LHO , 2X4HZU =E1k6y SXUHWU =EL14a by SXEHL/TY =Elk. €)
GO To B4

IF(NLEQ.23GD TO 144

IFU1.E~2=-ABSEROOTI(2) 11148 ,020.41

W¥2=SORT (RODTRE2Y¥*24ROOTI(2)**2)

Z= ROOFR (2} /NV2

B9

003680
203630
a037oe
Q23710
qa3rza
€a3r30
003740
003750
003760
003770
o03780
003790
303800
003810
08382q
Do 3eag
803844
003850
003460
103870
0a3ea0
003830
003900
003910
223920
003930
0039440
803950
003990
103970
40398
003990
904000
004010
094020
004030
054040
804050
004060
04670
0040810
004090
a04100
404110
604128
804130
194140
004150
404160
Bd4i70
304180
004190
004200
004210
04220
dos230
004260
084250
ao4260
004270
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LONGITUDINAL PROGRAM LISTING

WRITE (6.040)Z,RVZ,RO0TRIL)

GO TO 84

WRITE (6,163)2Z,WV4

FORMATO AH) o 2XWHIU =E144 54 SX&HWY =EL14,6)
GO TO 8%

ROOTR{1} = DU/CU

HWRITE (6,301RODTREL)
FORMATULHT+2XERL/TU =EL14.8)

GO T0 84

WRITE (6,145)IRO0OTR{1I,RO0TRIZ2Y,ROOTR(Z)

FORMAT{ 1HOs IXTHLI/TUL =E1k.6,5XTHI/TUZ =E14,645X7HL/TUY =E14.56)

GO TO 84

WRITE (6,112)ROCTR{1],RODTRLZ}
FORMATU 1HD 4 IXTHLZTUL =Elk.6,5XTHI/TUZ =E14L.6)
WRITE {6304} AU4BU,CU,DU

ta4280
094290
004300
004310
B0&4320
J04330
0043640
004350
004360
004370
984384
0043940
004400
Q044110
LY D]

FORMAT(1HO, 2X4HAU =E1ky 64 SXWHBU =c1644 64 5XLHCU =E1 4.5, 5N4HDU =E14,6030430

1)
D0 168 II=1,5
ROOTRITIV=0.0
ROOTI(IT)=0.0
VERTICAL VELOCITY NUMERATOR
WRITE (6,4306)

FORMAT (1H =4 1SX*¥NORMAL VELOCITY PER CONTROL DEFLECTICN®)

N=3

N0 130 TI=L1.43IF(W(II}.NE.D.0) GO TO 180
CONTINUYE

Av=aZ0

Bu=+XD*71}

1 +Z0% t=-AaME=-X))

2 HAMD¥ (U+ZQ)
CU=+XD* L {U+TTI*AMU~AMAY 2}

14+ 2D LAHM Q¥ XU=-XQ* AMLY

2+ AMD® (ZURXN=GSG-LU+20Q) X))
DW==XD*AMU¥GSG
1+ I0¥AMU*GEG
2+ AMO* (XU*GSG-ZU*GTG)

Well= AN

W(2)=BW

H{3t=CW

LAEYED:] |

N=2

IF(H{1) .NE.J. D) GO TO 156

Hil) = W2}
W2} = WET}
W3 = WiL)

N=2

IF{HI1) .EQ.0,0)G0 TO 123
CALL DMULRCHW, %4 RTR,RTI)

WRITE (6,801)

WRITELG18) (RTRIIN ,RTICTII=44N)
00 600 I=xi,N

RR{II=~RTR{I}

RILIF=+RTICID

IF{1.E=2-ABS{RI(1}1)564,55,55
WWL=SARTI(RR (L) **+2+RI 1) 7*2)

Z= RRI1) /WMWY

IFiIN.EQ.2)IG0 TD 163

WRITE (65456 Z+WW1,RR{I}

FORMATC 1HOy 2XGH2ZW =EL14.By TEGHNHN =ELb 6o TXTHL/TH
GO TO 133

90

=Eih 6}

[PETEY]
0946450
LD Eg ]
004470
004480
0044910
0G40
@ 45140
04529
004530
004540
004550
004560
204570
2045980
034590
034600
084610
204620
004630
[LEYYY ]
004650
004660
00670
0046849
304690
064700
004710
4ea720
004730
084740
004750
004760
004770
004781
004790
804800
004814
094320
004830
004340
0605350
4a4860
00ua70



AFFDL-TR-78-203

LONGITUDINAL PROGRAM LISTING

5% IF{N.EQ.2}G0 TO 157 04880
TIFC1.E~2=-ABSIRI{Z2)})IBT,58,58 406890

57 WW2aSORT(RRI2)¥724RI(2)%*2) 804300
Z= RR{2}/WW2 0064910
WRITE{G+56) Z,WHZ4RR(1) Dd%920

GO TO 103 004930

163 WRITE (645917 ,WHL 004940
59 FORMAT(L1HO, 2X4HIW =EL 4.6 7X4HNN ZEL L, E) a0 4950
GO TO 103 004960

157 MWRITE (6,129)RR(1),RR(2} 004370
129 FORMAT{LHY, 2KTHL/THL TELL6.7XTHI/THZ =2£1k.6) 0d4980
GO TO 103 004998

123 PRI{1) = DW/CHW 045000
NRITEL6,291RR (1) 905018

29 FORMATU1HD, 2XEHL1/TH =E1k.6) pds0z2n
GO TO 103 aosn3a

58 HRITE (6,60VRR(1),RRI2),RRL3} 08508450
69 FORMATE LHD 3 2XTHL/THL TELG 6, TATHL/THZ =EL14.647A7HL/THI =E1k.6) J05050
163 WRITE t64307) ANBHsCH.OW 805460
307 FORMATL{LHO,2XUHAN =EllL.H2 7K4HEW =E14.64TXGWHOW 3E1 4489 TXGHDW =ELL,. 6005070
3 045080

00 133 II=1,5 a05090
ROOTRE{ITII=0.0 005108

133 ROOTI(IIV=0.D aD5110
c ALTITUDE NUMERATOR pds5i20
WRITE (6,305} 005130

305 FORMAT(IH-,15X*ALTITUDE RAYE PER CONTROL DEFLECTION®) B05140
AH=AU*SG~=AW*CG 005150
BH=U*AT*CG+BUTSG-BH®LG 01051640
CHaU*BT*CL+CUYSG~-CH* LG a0sive
DHzU*CT¥CG+ DUTSG-DH*CG 005183
Hi1d=AH 205190
Hi{2}=8H gos2a¢0
H{3)=CH aas5214
H41=0H ags5228

N =1 005230
IF(H(1Y JNE.O.D) GO TO 127 005244
HILI=HI2]) 905251
Hi2)=H{3) 005260
HE{J¥=H{4) uasara

N=2 005280
IF{H{1Y.EQ.Q,160 TO 75 105290

127 CALL DMULR tH,N,RO0TRD,RO0TION 005300
M=y 005310

GO TO 66 805320

T3 IF(L.E=-2-ABSIROOTI (111 345,40.46 005334
45 WHL=SORTIROOTRILI**2+ROOTI(L) **2} Q05340
I= ROOTRU1)/7WHL 005350
IFENEQ. 3V GO TO 03 005388
HRITE (6464712 4HHY 805370

4T FORMATUOLHO s 2XGHTH =E1lda 6y TXHHRT =E14 .56} 095380
GO TO 104 0052390

75 ROQTR{1) = DH/CH 305400
WRITE (5+49)R0O0TR(1) 005410

49 FORMATE{1HO,IX6H1/TH =E14,6) 005420
G0 TO 104 005430

46 IF{N.EQ. 316D TO 50 005440
WRITE {6.4BIR0DOTRILDROOTRL2) 005450

LY. FORMATL 1HD, 2XTHL/THL =E1&46,7XTHL/THZ =E1K.6} 005460
GO TO 104 005470
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43
51

1)
52

53

155
10&

13

146

308

154

ga0

Bl

63
62

-1

164
165

166
167

LONGITUDINAL PROGRAM LISTING

WRITE 1645137 +WHL,RO0TR(3)

FORMATULHD y 2X4HZH =ELh 6y THEHNH =ELY o 64 TUATHL/THI =E34.6)
60 TO 104

IF{1+E-2~ABSIROOTI(2})352,53,53
WH3=SQRT{ROUTR{Z)**2+ROOTII2) 22}

Z= ROOTRIZE FHHI

HRITE (64511 Z,WH3I,ROCTRIL)

GO TO 404

HRITE {6+4155)RO0TRIL},ROOTR{2),ROQTR(3}
FORMATULHO » 2XTHL/THL =E14.62TATHL/THZ SE14.6,7X7HL/THI =E14.6)
MRITE {65413)1AH+BH,CH40H

FORMATE SHD y 2X4HAH SEL1L 46 ¢ SXWHBH =EL1le 64 SXGHCH =E144 6y

15X4HDH =E14.6)

DO 146 I1=1,5
RR(ITI=0,0
RINII}=0.0
VERTICAL ACCELERATION NUMERATOR
TFIALK.EQ.0.0) GO TO 109
WRITE 16,3080
FORMAT (110, 15X4 OHYERTICAL ACGELERATION PER DELTA ELEVATOR)
AA==ALX® AT+ AN
AB==ALX*BT#ON-U%AT
ACZ~ALXSCT+CH-U*BT
AD==U*CT+OMN
A7U1) 28R
AZ12)=AB
AZU3)N=AC
AZtyI=AD
N=3
IF(AZ(L) .NE.D.OY GO TO 159
AZC1Y = AZ(2}
RZE2Y = AZ(3)
AZ(3) = AZU4)
IFCAZIL) JEQ.0,.0) GO TO 160
N=D
CALL ONULR (AZ4N,RTR,RTIL)
HRITE {6,401)
WRITE 16,1 8) IRTRETY RTI(T} I=1,N)
DO 980 I=i,N
RRITI==RTRLT)
RILI)==RYTLT)
IFt1.E-2-ABSIRIC1IIIEL,62,62
HAL=SORTC(RR (LY ¥ ¥24RI (1) %¥2)
Z= RRI1) /WAL
IF(N,EQ.2)G0 TO 164
WRITE (6+63)17 WAL, RR(3}
FORMAT L LHG  2XSHZAZ €14, 64TXSHNAZ ZE14.6,TXEHL/TAZL =El4.6}
GO TO 86
TIFIN.EN. 2160 TO 166
IF(L.E~2-ABS{RI (211} 65468,68
WAZ=SQRT(RR(2)1%%24RT {2} *+2}
= RRUZ)/HA2
HRITE (6,631Z,HAZ,RRI1}
GO0 TO 86
WRITE (64156507 ,MAL
FORMAT(1HO +2X5HZA2 SE14.64TXSHWAZ =E14.5)
GO TO 86
WRITE (6,167 3RRCLI4RR (2}
FORMAT (1H0, 2XBHL/TAZL =E14.6,7X8H1/TAZZ =E14.6)
GO TO 66

92

00548D
005490
gasson
055140
005520
005538
005540
005550
005560
405570
0a5580
845590
gasedd
085610
guse20
805630
035640
045650
405660
205670
005680
005690
9a5700
005740
pos720
405730
005740
005758
605760
235770
405780
005790
gasaon
ga%5810
gosaz2g
445830
0358nd
0454850
005360
045870
005880
0058940
0053960
J05910
005920
895930
ae5940
ggs950
0059640
ags5974a
005380
205990
006300
gdenig
qasgze
806030
006040
006050
1064060
a3607¢
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160
168
1]
71

86
144

147
idg

38
28
321
322

323

324

325

328
326

330

LONGITUDINAL PROGRAM LISTIMG

RR{1) = AD/AC 006080
WRITE{6,168IRR( 1} 006090
FORMATI1HD, 2X7HA/TAZ =Ei4.5) 406100
GO0 TO 86 006110
WRITE (6+71)RR{1}RR12)+RRI3} 006120
FORMATUAHO, 2XBHL/TAZL =Ei4. 6o TNBHI/TATZ =E14¢by7XBHL/TAZI =E14.6) 006430
WRITE (6y1%4)ARAB4AC,AD 006140
FORMATULMO s 2XNHAA SE18:64TAGHBA =E14 269 TXHHEA TEL14H.64 TXLHDA =EL14,.60086150
1} 406160
DO 147 II=1,.5 806170
RR(III=0.0 036180
RIMIT) = §.0 186190
IF(J14EQele AND. JUXXLEQ.1IGOD TOD 321 096209
IF{JL.EQ, 1160 7O 149 tasz14
THRUST 006220
XD=xDT 036230
I0=IDT 0062410
AMD=AMDT 006250
IF(XDT.EQeDs+AND.ZOT.EQ.D..AND,AMDT,EQ, 0.0 GO TO 100 0062690
Ji=1 006270
HFITE(B,2B8)RUN g06280
FORMATI1HL . 2X»8HRUN NOa A3, SX22HTHRUSY NUMERATOR ROOTS) 006290
GO TO f4 as6300
WRITE(B,322)RUN q06310
FORMATI1H14 22Xy 8HRUN NO. AJ,SX*COUPLING NUMERATOR ROOTS®) 06320
00 323 T1=1.5 096330
ROOTR{T11=0. 006340
ROOTI{IL}=0, 056350
WRITE (6, 324} 006360
FORMAT{ 1H=, 14X*THETA TOD ELEVATOR, LONGITUDINAL VELOCITY TO¥, 006370
1% THRUST*} 006380
IMIN=TOT* ANDE-ZDE*ANDT 006390
XMXM=XDT*AMDE=-XODE*AMDT 006400
XZX2=XDT*2DE-XDE* ZOT 006419
ATU =XMXM+XWD*ZMIN-ZHO"AMXHEAMRD>XZX2Z 006520
BTU = XWEZINZHM~ ZW*XMXH+AMNT XIXZ 006430
TTU =8TU/ATU aBE4LT
TFIATULEG.D « s ORBTULEQ.0, ) TTU=0, 0064540
WRITE (65,3250 TTU,ATU,BTUY dob4680
FORMAT{ 1HD» IXTL/TTY =*E14.56// 006470
14 X5HATU =ELk. EySXEHBTUY *E1&.677715X, G064ET
2¥NORMAL VELOCITY TO ELEVATOR, LONGITUDINAL® 006490
3% VELOCITY TOD THRUST®) 906500
AWULLY=2XIXNZ 046510
AWLLZ I =U® XMXH=XQ* IHZH+IN* XM XN-AMQ*XZXZ 006520
AWUL3 ) =GCG¥IHIN=-656" XNXH 006530
IF{AWU{L) EQ.B.)G0 TO 326 006540
CALL DRULR{AWU,24RQ0OTRD,RODTID) B06550
MM=1 Q06560
G2 TO L 8a 6570
IFLABS{ROQTII112,LT7..00041G0 TO 327 0d6580
WWU=SART{ROOTI{1}**2+ROOTR(11*%2) 086590
ZWyu=~ROOTR(L) /WM 946600
WRITE (6,328) 20U, WY Q06610
FORNATOLHD, IX4* ZHU =PE14.BeSX*HHU =FE1446) f06624
GO To 329 906630
THU=AWU Iy ZAWUL2) 0066410
TFOARUC2) JEQ+0.D0.0RLARU(I) LEQ.E.00) THU=D, 936650
WRITE(6,3301THY 006660
FORMAT{ 1M+ IX*1/THY =%E14.56) 00667
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GO TO 329 406680
327 ROOTRU11Y=-RODTRI(1) 606630
ROOTR{2) =-ROOTRI2) 8d6700
HRITE(6,331¥R00TRI1) ,ROOTR{2} 906714
331 FORMAT I 1HD3X*1/TWUL =®EL144 6, SX¥L/THUZ =¥EL4,6) Q96720
329 MWRITECH,3IZ2VAWDLILD, AHULZ) , AWLLS) 006730
332 FORMATCLHE, IXFANU =*014.645X%¥BHU =%D14.6,5X*CHY =*D14.6/// 006740
115X*THETA Y0 ELEVATOR, NORMAL VELOCITY TO THRUST*) Ble750
D0 333 I1=i,5 0676l
ROOTI{I1}=0. joerTR
333 ROOTR{I1)=0. 006780
ATH=ZMIM 8346790
BTIH==XUBZHIM4ZU* XMAN=AHU* XTI X Z 006600
TTHL=BTW/ATH J06a10
IF(ATH.EQuD e+ ORBTHL,EQaD I TTHI=D, 106320
WRITE46+ 334 TTHL, ATH ,BTH 006830
334 FORMATUAHD. 3X®L/TTH =*ELL 67 /UK¥ATH 2*ELk 6y SX*BTH =¥EL4.6///15Xy 00BBLD
1*S TIMES TMETA TD ELEVATOR, ALTEITUDE TQO THRUST*) J06854Q
ATH=4+S5GYATU-CG*ATH G0&8E0
BTH= SG*RTU-CG*BTH 806870
TTH =ATH/ATH ooea8q
TFIATHLEQ. B+ ORLBTHLEQLDL) TTH =0, 006830
HRITE(Gy335)TTHATH,BTH 006900

335 FORMAT(1HO, 3X"L/TTH =%Efk.6//4X"ATH =®ELL.6,5X*BTH =*E44.6//715%, 006910
1*S TIMES LONGITUDIHAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOR®) 0D0&920

AUHI1Y==AWU(1}*CG 006930

AUHIZ b= = ANULZIFCGHUPCGRATUY 296940

AUH{Z)=«AWULI}*CG+UTCGPBTY 936950

IFLAUHCLY EQ.D.YG0 TO 336 016964

CALL DMULRIAUH,2,RO0TRD,RO0TID) 8069710

MM=2 036980

GO TO 1 006399

4 IFCABSIRDOTIC1})WLT.,0001)G0 TO 337 po7ooa
WUH=SQRT(ROOTI( L) **2+ROOTRILI**2) aeroil0
ZUH=-ROOTRI1} /HUH gc7oze

WRITE(B 3381 ZUH MUK 007030

338 FORMAT(LHQ,3I¥*ZUH S*EL1L.6+5X¥HUH =*E1 L. 6) 037040

GO0 Y0 339 037650

336 TUMH=AUHI3)/AUH(2) 687060

IFCAUNTZ) JEQaCo D0« ORLAUHCZ)Y +EQ.G.00Y TUH=0. g1ve7o

WRITE(6,370TUR 007G80

378 FORMAT(IHO, IX*1/TUH =*E1Lk.H) 007690

G0 T0 339 goz100

337 ROQTRILY==-ROOTR(1} 887110

ROQOTRI2Y=-ROOTR{2} Bo7120

WRITE(G,340)ROOTRIL} 4RODTR(2Y 007130

340 FORMATULHD 3X*L/TUHL =PELl4.b5,5%*1/TUHZ =¥EL10L.6) 007140

339 WRITE(G,J41VAUHLLYLAUHIZ) LAUHIZ) 407150

341 FORMATCO1HO, IXTAUH =¥D14.6,5X"BUH =¥D14,645K*CUH =*014.6/// oazied

115¥*S TIMES NORMAL VELOCITY TO THRUST, ALTITUOE TO ELEVATORY) BA7170

00 32 I1=1.5 007180

ROOTRIT11=0. 6d7190

3u2 RODTILI1)=O. 947200

AWH{LY =« ANU (L) * 56 por2io

AWHIZ)I==ARULZ2)*SGHUTATW*CG favz2zg

AWHI3I=~AWU{ZV*SG+U*BTH*CG 0a7234

TF(ANH{L}.EQ.0.1G0 TO 343 0072440

GCALL DMULR(AWKH,2,RO0TRO,RODTIDI 8a7250

nM=3 nov26d

GO TO ¢ og7ara
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345
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7

J4b

349
346
348

350

353

351

3155
352
3586

354
357

LONGLTUOINAL PROGRAM LISTING

IF(ABSI(ROOTIC1}}.LT,.0001350 TO 344

WWH =SARTIROOTIIL)**2+RO0OTRULI**2)

I WHz ~ROOTRCL) Z7HNH

WRITE{Gy 345) ZWH  HWH

FORMATU1HO 4 IXPZNH =%E1446+5X*WWH s*EL1L.B)

GO TO 346

THH =ANH I3 ZANHI2)

TF(ARHI2) WEQ.0. D0 ORANH(ID) . EQ. 0,08) THH=0.

WRITE(Gy I4T)THH

FORMATC 1RO, 3X*1/THH =%E14.6}

GD TO 348

ROOTRIL¥=-ROOTR (1)

ROOGTRI2)==-RAOOTR(2)

HWRITE(H,349)R0OOTRI1) . ROOTRI2)

FORMATE AHOy IX*1/THHL =*E18,6,5X%1/THHZ =*E14,.6}

HRITE {65 348) (ANH(IY ,I=1,3)

FORMATU1H0» IXYAWH =PDiks64SX*BHH 2P0 Lk, 64 SX*CHH =*DL4 .6/ /715X,
1*5 TINES LONGITUDINAL VELOCITY TO THRUST, ACCELERATION *
2*T0 ELEVATOR®)

DO 358 Ii=i,5

ROOTRI(IL1)=2,

ROOTI(I1)=D,

AUSZL1D= AWU{L1) ~ATU¥ALX

AUAZE2)= AWU{Z) -BTU* ALX+U*ATU

AUAZLIN = AWUL D) ~U*BTU

IFC(AUAZ (1) .EQ.D4}G0 TO 351

CALL DMULRIAUAZ,24RO0TRO,ROOTID}

B2

GO TO0 1

IF(ABSIROOTI(L)),LT.. 00010560 TO 352

WUAZ =SQRTI{ROGTI(1}¥*24R00TR{1) **2)

ZURZ ==-ROOTI(1)/WUAZ

WRITE{6,353) ZUAZ 4 WUAZ

FORMAT(1H 4 3X®ZUAY =FE14.6,5N*HUAZ =*E14.6])

GO TO 354

TUAZ =AUAZII) 7AUAZI2)

IF(AUAZ 2} EQeQuDOLORJAVAZITI) LETQWU.00) TUAZ=0.

WRITE{6,355) TUAZ

FORMATO 1HO. IX*1/TUAZ =*Elhe6)

GO To 354

ROOTR (1) =-ROOTR {1}

ROOTR{2¥==RO0QTR(2)

WRITE(G43561R00TRILY  ROOTR(2)

FORMATUAHG, IX*1/TUAZL =PELl 65X L/TUAYZ =*E14,.6)

WRITEUG4 357V LAUAZII) o I=143)

FORMAT(LHO s IXTAUAZ ="D1i. 64 5X*BUAZ =*DBl 4. 6,5X*CUATZ =¥(014,56}

JIXA=0

GO To 140

0g 2 I=1,3

RAATRA(II=RAATPOLI)

ROOTI(I)=ROGTIO(I)

GO YO (Jely546) MM

END

SUBROUTINE CHNG{J)Y

COMNON/ B/ XD XUy X} IDy ZU4ZQy ™MD, MUy, MQ, U, GSG4GCG, ANyBN,CW, DN,
1S yRHG s G4 GHT 32T, TOT 4 XT+CL#CLASCLAD CLQ2CLDE 4CLM,CO4COAGDADLCDT
2CODE+ CNMy THA, CHAD CMQ s CMDESCHMy ALPHA , GAMALCN,CNA, CNAD ,CNQ,CNDE,
BCNMaE Xy CX Ay CXAD JCXQyCXDE yEXM 4 XMW s ZW XWD 4 ZHD, LA o VE,

[ HACy, MACH,IYY,LXyMH, NWD;ALA, NZA,CMT
REAL MU MUy MO HAC MACH  TYY LXMW MRD, LA 4 NZA

95

rang
ga7290
17300
807310
007328
007330
007340
007350
027360
967374
07380
037390
907400
Qa7410
087420
107 430
007440
007450
007468
0a747Q
0a7400
007490
ga7s00
Qo751¢0
807520
007530
047540
007550
007568
207570
907580
007599
007600
007614
t07620
007630
i 7a40
ag7650
007660
007670
aq7e80
po7e9e
go77g0
087710
gozvao
00773D
007749
0077540
ae7760
037771
gazven
0a77949
0a7eo00
007810
07820
gazs3o
D07 64D
007850
467860
0078710
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NAMELIST/CHANGE/S (HAG, UoRHOWGoGHT s IYY3ZT4L X, TOT,XI, CLALCLAD,
&  CLO4CL,CLDEs CLH,CDy COA+COAD, CDU, CODE 4COM,CHT + CHA,CMAD,CHE
B CMOE +CHM 4 ALPHA ;GAMA JCH CNASCNADy CNO 4 CNDE  CNH 4 CXoCX A, CXAD,
€ CXTICXDESCXMoXUp2ZUsMUS XNy ZHy MR XHD o ZHD s MWD Xy ZA2 MO, X0 5 204
D MOLVE,LANZA,TEST,HACH,CHCL

CMCL=99, ]

IF(J.EQ.5F READ(5,CHANGE)

TF1JLEQLSANDLCHEL JHEL 99, ) CHA=CLAYCHCL

IFCJ.EQ.51 RETURN

DTR=57,295779

CLA=CLA/DTR

CDA=CDA/DYR

CHAzCMA/DTR

CXA=CXA/DIR
CZA=CZASDTR

CLOE=CLDE/DTR

CDDE=CODE/DTR
CHOE=CMODE 70 TR
CXDE=CXUE/DTR
C2DE=CZDE/DTR

IFC(J.EQ.7 READ5,CHANGE}

IFC.EG.7 L AND+CCL , NE+ 99, ) CHA=CLASGMCL

1FCJ.EQ.7) RETURN

CLAD=CLAG/OTR

£0AD=CDAG/OTR

CMAD=CMAD/DTR
CXAD=GXAD/DTR

C7AD=GZAD/OTR

CLQ=CLQ/DTR

COQ=C0Q/0TR

CMA=CHA/DTR

CXG=CXA/DIR
CZ0=CZa/DTR

TF{GMEL « NEa 99, ) CHA=CLA®CMCL
READ (5, CHANGEY
RETURN

END

SUBROUT TNE FROCK (2N, WN,RODTRL,200TR2 4HNC)

THIS SUBROUTINE USES SUBROUTINE DMULR

BOUBLE PRECISION RTR,RTIWNW

DIMENSION WilL),RRI5) 4RILS]

COMMDN M, RRyRI XK ON; HNLA, ALAWN, LL

COHHON  FA/RTR(5],RTI{5]

COMMONZBZXD 3 XUy XQ 20 42Uy ZQ s AMD s ANUS AMQ, Uy GSG+HEG, AHBW, CW,DW,

1S yRHO G aGHT 2T, TOT 4 XL, CL4 CLASCLADCLO+CLOE.GLM4CD4COACOADLCDA,
2CTDE, COM,y CMALCHAD yCHQSCHMOE +CMMy ALPHA s GAMACNoCNAy CNAD9yCNGQWGNDE

ICHMLC Xy CN A CXADSCXQ  CADESCXMy XN s ZHo X WDy ZHD s ALA G VE,
6 IMAGC AMATY ALYy AMN,AMWD,ALAL JANZA,CMO
AW=+Z0

BW=+X0*ZU

1 +Z0% (=AMQ=¥1)
2 +AND® {U+TQ)
CH=+X0* LIU+Z0Q) * AMU=-AMD*ZL])

14 Z20% {AMOYX=XD*ANUY

2AMD® (ZUP XN -GSG~(U+Z Q) *XU)
OW=~XD*AMU*GSG

1+ ZD¥AMU*GCG

24 AMD* [XU*GSG-ZUGEG)

Wit) =AW

Wi21=AN

%6

107880
007890
2073900
a07918d
007920
007938
0479440
0a7950
007960
0a73ro
0p79sn
007999
008000
008010
poepza
008630
a08049
BUBI50
aa8de0
gdna7o
f08480
00809y
poainn
008110
088120
008130
a08140
008150
Q08160
908173
0081449
408190
oDszan
g0s82i0
008220
038230
naszsen
0082539
008260
go08270
J08z8g
118294
908304
008310
an832g
808330
908340
008350
098360
008374
gosasg
008392
[ DLETE]
008410
Q08420
008430
DO B 44D
0084590
008460
Bo84TY
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Hi{3)=CW 408480
Wis)=0" 008490

N=3 008500

CALL DHULR (W N RTR4RTI) o0a51d

00 300 I=zi,N puas20
RREII=RTR(Y) 208530

800 RICII=RTI(D) 008540
IFI1.E-4~ABSIRI11)))54,55,55 0085540

54 WHi=SORT(RRILIPY24RI11)**2} 008560
26 TF(UML+, 6*RWL.LT.WNY GO TOD 23 036570
IFIURL- 6" WN1.LT.WNI GO TO 20 f008s8e

23 HHLA = WN/ALA agasaq
ALANN = 1./HWNLA 408600

L =1 Gdaeln
WRITE(G.21) ZNWN,ROOTR1,RODTRZ,WNG aade20

21 FORMAT{1H0+ 2XSHZSP =E144625ASHHSP =E14,648H RAD/SEC,SXTHL/TPL 2E14008630
1. 64ERTHLZTPZ =ELlbka 67270 5H =E14.E911H CYCLES/SEC, 008640
27110, 17HSHORT PERIOD MODE) 908650

25 PER = XKONZ {MN*SQRTC1.-ABSIZNI**2)) 008660
TY01 = 69315/ (ABS(IN)I*WN) 00867t

TT02 = 2, 259/ (ABS(2ZNI*HN) oG essl
CTOL=TTOL/PER LT
CY02=TTO02/PER dasvoe
CTO3=1.0/7CT01 208710
CT04=1.8/0T02 ans720

TIM = 2, %IN*HN 908730

WNOS = [WNY®2 008740
IFLZNY 118,110,402 0os7sa

802 WRITE (64124)PER,TTOL1,TT02,CT0L4CTO2,CTO3,CTOL, TZH,WNTS 008760
124 FORMAT (1HO y LIXOHPERIOD =E13.5, &XL9HTIMODGAT7TO
1€ TO HALF AMP, =E13.5,16X24HTIME TO ONE TENTH AMP., =£13.5/71H ,36X200487340
Z1HCYCLES 70O HALF AMP. =£13,5,14X26HCYCLES TO ONE TENTH AMP. =E13,5008790
3/28X3IQHONE OVER CYCLES TO MALF AMP. =E13.5,5X3SHONE OVER CYCLES TO0Q02800

4 ONE TENTH AMP, =E13.5/50XBH2*Z*WN =E13,5,35X5HNSQ =E13.5} 008810
RETURN gosez2p

116 HWRITE 46,149)PER,TTO0L1,TT0OZ2,CTOL.CTO2 a0aes3n
143 FORMAT {140+ L1 X8HPERIOD =€E13.5,008840
1 4XZ1RTINE TO DOUBLE AMP, =E13.5,16X24HTIME TO TEN TIMES AMP. =£13008850
2+5/1H 4 3IGXZIHCYCLES TO DOUBLE AMP, =E13.5,14N26HCYCLES TO TEN TIMEDOAB6Y

35 AMP, =E£13.5} naasza
RETURN agaaso

20 WRITE (65424) TMNyWNyROOTRLyROOTRZy WNC a¢sa90
24 FORMAT U 1HO, 2XL4HZP =E{h.B,SXHHWP =£14,64 88 RAD/SEC, 408900
1GXBHLZTSPL =E4%.6,5XBHL/TSP2 =E14.6/25U5H =E1l4.6,11H CYCLES/SECO08918

2/ 110, 16HL ONG PERIDD MOOE) 0d8320

GO T 2% 008930

55 IF(1.E~4~-ABS{RI{2)¥)57,58,58 008940
57 WWi=SORY{RRIZ}I3*2+RI{2)¥*2) 038950
60 TO 26 008969

58 G0 TD 23 [LEETS]
END 008980
SUBROUTINE OMULR (COE.Ni,ROOTR,ROQTI} 808930

c 939090
c 069010
PRI BN s S S BTN FE S R RPN NS S ST R SRR F RN S S LS P USSR ER SR IR R R R R LSRR INSRI4 G020
c 809030
c POLYNOMIAL ROOT FINDER SUBROUTINE .ees 009040
i+ 009053
C ITERATIVE METHOD FOR POLYNOMIAL EQUATIONS saes 0990640
c go9nro
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WI

1.
24

3.
4,

Ga

OOOoOOOO00QaoOOaOaaOcOO0D0O000a0Oa00a00an

LONGITUDINAL PROGRAM LISTING

THIS METHOD APPROXIMATES THE FUNCTION F{Z} B8Y A QUADRATIC

WHICH MAY oIN GENERAL, HAVE COMPLEX COEFFICIENTS AND DOES HNOT
REQUIRE A KNOWLEDGE OF THE DERIVATIVE OF F(Z) THOUGH
THE FUNCTION FLZ) MUST BE EVALUATED ONCE PER TTERATION a4

THIS SUBROUTINE FINDS REAL AND COMPLEX RODTS OF A POLYNOMIAL
TH REAL COEFFICIENTS aees

USE OF MULLER SUBROUTINE sse.
CALL DMULR (COE«N1,ROOTRyROOTI) osuu
COE IS THE TAG OF THE ARRAY OF COEFFICIENTS.
THE CDEFFICIENTS MUST BE DRODERED FROM HIGHEST DEGREE
TO LOWEST DEGREE .
N1 IS DEGREE OF THE POLYNOMIAL .
ROOTR IS THE TAG DF THE ARRAY WHERE THE REAL PARTS
OF THE COMPLEX ROOTS ARE STORED .
RODYI IS THE TAG DF THE ARRAY WHERE THE IMAGINARY
PARTS OF THE COMPLEX ROQTS ARE STORED saws

ALL ARITHMETTIC IS IN THE GOMPLEX MODE «.»ne
THEREFQRE UNDER=-FLOW IS NORMAL FOR REAL ROOTS «.a.

MULTIPLE ROOTS. DECREASES ACCURACY OF THIS SUBROUTINE .
WHEN MULTIPLICITY IS FOUR THE ACCURACY DECREASES TO
ABOUT TWO PLACES sses

RUNNING TIME IS APPROXIMATELY PROPORTIONAL TO
DEGREE SOUAREQ OIVIDED BY TWEKRTY ..e4
FOR DEGREE ELEVEN IT TAKES SIX SECONDS eans

OOUBLE PRECISION RODTR4ROOTI¢AXRAXT ALPIRsALPL1I,TEM

DOUBLE PRECISION BETIR,BETLI4ALP2R,ALP2I,BET2R,BET2I

OOUBLE PRECISION TEMR,TEMI.ALPIR,ALPII,BET3R,BETIT

OOYBLE PREGISION ALP4RLALP4T TEHL,TEM2,HELL,BELL

DCUBLE PREGCISION TEL.TE29TE3LTEL,TES.TEB.TE7,TER, TE9,TELD
OQUBLE PRECISION TELL+TELC4TELIWTELL,TEL5,TELE,DEL5,0E164,C0E

DIMENSTON CO® (1) 4RO0OTR(1),RO0TT (1)

N2=N1+1

NuaD

T=Ni+d
TFICOELTINNG.7,3
Nu4=NG+1
ROOTR(M&Y=0,000
RODTT (N4Y=0,.000
I=I-1
IFING=N1Y1D,+37419
CONTINUE

AXR=8.800

AXI=0.000
L=1

98

009080
009690
paq1gn
399110
209120
039130
009140
009150
0091610
0091710
009130
009190
909240
009210
[ DR F ]
009238
009260
09250
009260
089270
0a9z2ad
009294
0093040
809310
809320
089330
009340
089350
009360
009370
009340
9049390
0094d4

FERFFFHFF S LR TERE S AT NS RF PR ST VS PN IR SRR LN G S RGP R S ISR S FRRR SRR N RN OgLu]L 0

0094620
209430
009440
Q09450
aa9u60
009479
Gg9usg
009490
8493500
009510
089520
@09534a
agasu4o
039550
009560
089570
D095E9
0095949
409600
009610
0096248
009634
009640
049650
909660
009670
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13

14

113

112

110
240

LONGITUDINAL PROGRAM LISTING

N3=1
ALP1R=AXR
ALPIT=AX]
H=1

GO To 99

BETIR=TEMR
BETLT=TEMI
AXR=D . 8500
ALPZR=AXR
ALP2I=AXI
M=2

GO0 TO 99

BET2R=TEMR
BET2I=TEMI
AXR=20.9D90

ALPIR=AXR
ALP3II=AXI

M=3

G0 TO 99

BETIRETENR

BETII=TENI

TEL=ALPIR-ALPIR

TE2=ALPLI~ALPII

TES=ALPIR-ALP2R

TEG=ALP3II-ALP2I

TEM=TES*TES4+TEG*TES
TEI=(TEL*TES4+TE2*TEG) /TEM
TER=(TEZ*TES-TEL*TEG) /TEM
TEF=TE3+1,.000

TEFTEI*TEI-TEL*TEL
TELD=2.0D0*TEI*TEW
DEAS=TE74BETIN-TEL*BET 3L
DEL6=TE7*BETII+TE4*BET IR
TELL=TEI*BET2R-TE4*BET2I+BETLR-DELS
TEL2=TEI*SET2T+TC4*DET2R+BET1I~DE16
TE?=TE9~-1.008
TEL1=TE9"BETZR-TELD*BET2I
TE2=TES*BET2I+TELG®*BET2R
TE13=TE1=-BET1R~TET*BETIR4TELO*BETII
TELL=TE2-DETLI-TEV*BETII-TELO®BET IR
TE15=DE15*TE3I-DEL6E*TEY
TEL16=DEL1G*TEL+DELH*TES
TEL=TELI¥TELI-TELL*TELG~4 ONO*(TELL*TELS-TEL2*TELS)
TE2+2.0N0*TEL3*TELL~4000¥{TEL2*TELS+TELL*TELR)
TEM=DSQRTATEL*TEL+TE2"TE2)

IF{TE1) 113,113,112
TE4=DSART(D. 500 I TEM=-TEL M)

IFITE4. NE.OLDEITE3=0.5008*TEZ/TEL
IFITES. EQ.0.00}TE3=0,.00

GO TO 111

TE3=DSARTLO LSDO*(TEM+TELY )
IF(TE2Y 110+ 200,200

TE3=-TEZ

TFITE3.NE.0.D0) TE4=0,.500*TE2/TES
IFITE3.+EQ.0.D0) TE4=0.00
TET=TEL3+TET

99

849680
0096940
9499700
009710
no9zag
409730
009740
009750
0097640
009771
gn97an
009790
0o 9800
0395840
a0932a
00sa3o
[ LELIY]
909850
909860
[T ELY4 ]
[TRLEY ]
009890
439900
00990
009920
009930
009340
009950
009560
a0s397¢
0099840
009930
di00090
o1g0i0
0130320
016030
210040
010050
010468
410070
010080
010090
Ji0ideo
0ie11d
410120
010139
010140
§10150
910160
aLgivo
418140
019130
DL0202
910210
318220
10230
010240
&i10258
019260
0102790
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LONGITUDINAL PROGRAM LISTING

TES=TEL4+TEY Q10280
T€9=TEL3I-TE3 010290
TEL0=TEL&-TEL a10300
TEL=2,000*TELS 9i0310
TE2=2.000*TELH 016320
IF{TET*TET+TES*TES-TEI*TEDI-TELD*TELD) 204y 204,205 110330
206 TEF=TEQ 010340
TES=TE10 010350
265 TEM=TET*TET+TEA*TER 910360
TE3=ITEL*TE7+TES*TEAYFTEN 015370
TEA=ITE2*TE?-TEL"TEA) /TEM 010380
AXR=ALPIR+TEI*TES-TEL*TES 010390
AXI=ALPII+TEI*TEG+TEL¥TES 0104089
ALPBR:AXR Giguid
ALPUI=AXI 010420
Mzl 0100630
e0 TO 949 010440
C t10458
15 NE=1 010460
AT TR I PR R Ry L e T L E Ly e e L e LYd:]
38 ITFCOABS{HELLY+0ABS(BELL) -1.,00-20) 18,18, 16 g10484
16 TE7=0ABS{ALPIR-AXR) + DABSLALPII-AX]) 910490
IFCTE7/IDARS(AXR) +DABSIAXIIY 1. 00-7)18,18,17 g10500
eI T ey s R T Rl e R e e R L e I Ry L Y PP LT
17 HI=N3+1 014524
ALPLR=ALP2ZR 410530
ALPLI=ALP2I Gi8544
ALPZR=ALP3IR 0106550
ALP2I=ALPTII 010564
ALP3R=ALPUR 010579
ALPII=ALP4LT 010584
BETLR=BET2R 410520
BETLI=BETZI Gioedn
BETZR=BET3R 010610
BET2T=BETIT 01§620
RETIR=TEMR a166349
BETII=TEMI 010640
IFINI=100Y14,18,18 Q16650
13 Ni=NG+1 010660
ROQTR{NL) =ALP4R 0106670
ROOTI{N&)=ALP4] 010689
N3=0 314690
L 31 TFUNG=NLY TG 437437 B10700
17 RETURN 016710
LI TR TNy E Iy e ey Ly Iy P R Y Y Y Yy SRy 2]
30 TF{DABS(RONTI{NLI¥=1,00-50104+10,32 010730
31 GO TO (32.100,L DL06740
32 AXRzALPLR 010750
AXT==ALP1Y 014700
ALPLT=-8LPLY 010774
M=5 0107864
GO TO 99 014794
33 BETIR=TEMR 0iGaga
BETLI=TEMI 0108106
AXR=ALPZR 010820
AXI=z=ALP2I qLoaio
ALP2I=~ALP2I 016340
M=f g10850
GO TO 99 aio860
A G10870

100
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LONGITUDINAL PROGRAM LISTING

34 BETZR=TEMR ti03480
BET2I=TENWI 410890
A¥R=ALPIR ai0900
AXI==ALP3II g10910
ALPII=~ALP3I 019920
L=2 810930
H=3 016940

99 TEMR=COE{1) 910950
TEWI=0.00D 416960
N0 190 I=1,Ni Bio03va
TELZTEMR®ANR=-TEMI®AXI 010983
TEMI=TEMI*AXR+TEHR*AKI 846990

100 TEMR=TEL+COE(TI+1) 911008
HERL=TEMR 911614
BELLSTEMI 011020

W2 IF{NL) 102,103,102 011030

102 DO 181 I=L.Nk Q11040
TEM1=AXR~-ROOTRIT} 011050
TEM2= AXI-ROOTILT} 011060
TEL=TEMI*TEM1+TENR*TEMZ g1107a
TE2={TEMR*TEM1+TENI*TENZ) /TE] gii080
TEMI=(TEMI®*TEML~TEMR*TENZ2) FTEL 011090

101 TEMR=TE2 911100

103 GO TO (11412513415.33,34),M gi111490
END 011120

101
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LONGITUDINAL PROGRAM JATA

10G1ZATRANSPORT ATRCRAFT H=LL,0040FT Ch=25. M=.8
4945, Zlel 77 Tubs S GOG5ATE
35QGOC. 190G00C0. 2.0 30,
«437 B, 643 « 291
028 03

~Zs =E.1 =203 =1.04
1.3
10621111MEDIUM FIGHTERy SEA LEVEL, FOREWARD Css FLAFS=30,
250, 9.0 224 250, L002377
22000, 55000,
1.25 « 0BG 052
L€

- 0ol =06 sl -, L25
9.5 -3.
GIC1ZATRANSPORT AIRCRAFT H=403,COCFT (G=25C m=.77
5900, 2ial 77 Tub. +0005873
3540003, 194C0002. 2.0 3. 100C4.
437 B €.3 251
O7h 213
WGQLt7 -2 -5.1 =203 =lalw
1.3

102

FMGL/9/17 /o0
22.0%1

= o
]
[

e

LebVSTALL

3241704

JMG 947 /0B
52,151
2

0031
-.01

LUNGL BAL
LONGLEAZ
LONGL5AJ
LONGLEAY
LONGLEAS
LUNGL 924G
LUNGLSAT

LUNGL111
LONGL112
LONGL113
LONGL1iLw
LONGL11S
LONGL11s
LONGL11Y

LONGLEAL
LONGL BAZ
LONGL5A3Z
LONGLGAL
LONGLEAS
LUNGLBAE
LONGLBAT
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RUN NO. 154 ELEVATOR NMUNERATOR CHARACTERISTICS

17171

AT

171Ul

L1

W

AW

1/THL

AH

Iaz

1]

i

THETA PER CONTRDL DEFLECTION
ROOTS {COMPLEX FORMY

=.11570-01 LY
=.5TA7T0+0D d.
= +115659E~04 1/772 = «5IB702E+00
~oLOSLGLE+D] 8T = =,G78575E+0D CT = «,655109E-02

LONGITUNINAL VELOCITY PER GONTROL OEFLECTION
ROOTS (COMPLEY FORM)

-+ 3624D+01 g.
«69130+01 0.
= +362369E+4D1 1/TUZ = ~.691252E+01
0. BY = =.733IGRE+N0 cu = «241200E+041 ou = #1837 06E+02
MORMAL VELOGITY PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)
-.25240-02 =-+60700-01
=.252A0-02 «60700-01
- k266M+02 +2060D=45
+4i6085E-01 Wi = +6Q7571€-01 1/TH = s426619E€+02
=+ 1B3563E+ 02 B = ~,TUIZOQBE+D3 CW = =, 402721E+01 DH = =.289081E+01
ALTITUDE RATE PER CONTROL DEFLECTION
ROCTS (COMPLEX FORM)
-.4B60D-02 0.
«LA23D401 8.
~o 48130401 0.
= +4659TLE-D2 1/THZ = =, 4B82363E+01 1/TH3 = HBLTSAELDL
«183563E¢02 BH = - 117211E+00 CH = ~,427611E+03 OH = =.198975E+4)
VEQRTICAL ACCELERATION PER DELTA ELEVATOR
ROOTS (COMPLEX FORM}
~s4E580=02 a.
-.66020+00 «5653N+01
-+56020+00 =+56530401
«146910E+0D HAZ = +5691 23E+ DL 1/TAZL = + 4658 45€-02
«1X1870E+Q2 3h = «174T45E+D2 CA = «W27248E+03 pDA = +190975E+01
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RUN NO.

Fa )

AY

Iu

L1¥

F4. ]

AN

ZH

AH

i

11t ELEVATOR NUMERATOR CHARAGCTERISYICS

THETA PER CONTROL OEFLECTION
ROOTS (COMPLEY FORM}

5734001 ~,18010¢00
«G73a0-01 «1801n+00
-« 303328E400 WY = +183341E+00
= 4291 87E4+01 BY = +492205E+00 CT = ~.153376E+00

LONGITUDINAL VELOCITY PER CONTROL DEFLECTION
ROOTS YICOMPLEX FORM)

~.60580+00 =+11520+01
~+H053D¢00 211520401
s 4B5LIOE+DY Wy = « 13043501
. AU =  =,10°9875E+02 CU = =,133117Ev02 DU = ~,186074E+02

NORMAL YELOCTITY PER CONTROL DEFLEGTION
ROOTS IGOMPLEY FORM)

=+ 345690-02 -«18470%00
~.45690-02 «18470+00
~e13760¢02 «BTRTD=-45
+463316E-01 WW = « 1B4945E+Dd L/TH = «13757BE+02
-+ 80LLTEQ 2 BN = -~4111460E+04 CH = = 218454LE+402 D = =«,380771Ev(2

ALTITUDE RATE PER CONTROL DEFLECTION
ROOTS (COMPLEX FORM)

-2 4871002 +50950-21
~» 2584 D+D0 =+ 13150+01
=+ 2584D+00 «13150+04
«192738E+00 WH = » 134046E+ 01 1/7THI = +487080E~-02
«OBAQ3BE+N2 BH = +421662E+82 CH = + 1453956403 OH = «T0719TE+DO

106



AFFDL-TR-78-203

Z8-32282¢"
PReacE20E"
Th+365762"
£0+378928°

B0+349996£"*
To+3T5022°
00+365686°
T0+35070T"
TR+32995%"

20-300800°7-
EB-30087°¢
.
pos30000°2
TRe3TSBZ"E

L I ]

DIS/SITIIAD 0D0+430%e0E2"

Z0-3271T902°
DSdM

*dHY HINZL 3ND
*dHY HINIL 3NO
*di¥ HINZL 3INOD
NH/Y

BSdSH

"dW¥ HIN3L 3NC
*dN¥ MINIL 3IND
*dRY HiINZL 3NO

ol
o1
oL

ol
o1
01

T0=-32298%¢"° =4 T0+
TO=-3£TIH1*

S3TTIAD MIAO INO T9+4326£13*
S31240 BO0+3LLLi%"
3NIL 20+30E206 "
To0+327252"°

To+3a270T"

S3T10AD $3IA0 3INO Toe3g 028"
537343 00+302H0E"
Mil TO+3ITE9LT"
2bhae" =

3IS/0WY TO+396HaHNT" = d5M Do+32

L LK) 00+30040* Y~

LDk

H13 T0-30015°2
Ix he+30000°T
b *0-3BL LS

3T9z22ze" =2 T0+3%9920F* = B
SIN3IDIT 43303
= dMadZazc
= °dW¥ JT¥H 0L S313iD 33A0 3INC
= *dH¥ 3WH 0L S3ITJAD
= “dW¥ FTWH 0L INIL £0+336TTT"
= ¥1/NH
= JSHadSZa2
= “dih¥ JAT¢H 0l S3IVIAD NIAC ING
= "dH¥ 4TYH DL S3IIAD
= *otH¥ JT¥H 01 3W]IL FO+390054"
D35/53T3A0 20-3029206° =
dSZ QIS/QVE TO-3629595° = di
TO+096ET" - 8
TO0+09BET" [}
¥0-02795°= 2
TO0-UsT9s” Z

F¥Y WOIYNIWONAO FYNIONAIONOT

EL b T0+300EQ 2~
3003 e
3072 gd+3000¢f "9
101 Ta+30000°¢
OHd 20+3005%°2

hwan

9

= OWD ']
= B2

= 0I0

= X1 0
=N T
G4E/6 DNC

"

Z0+3J69LT"
0
20-38507"
TO+39h50T %=
DO+392£E"~-
£0-322711"-
eh=-36T 2"~
"0-3TITZ" -

[}

D+33081°5- = @
*0o=u0
0 =G
0300002 = 4

3HL

WIZN
YWY
10k
30w
il
[ 1
L1
(1]

LR
V02
v
P4

0-30004%2 = HQVM

T0+300800%"

= (0Id3a

=¥

300K QDTA34 N0

= 00Ty3d

a00M 00I23d LHOHS

3043669421 "

p+acaise-
0+0£905" ~
0-09504*~
[ B ag-30 F R

(K#04 X3TdW0 D) S100Y
40 SASTHILIVHTHT FHL

QO+3¥L9F"

90+306% 5"

a 2h+35028"
T0-3T425"-
204295871~
T0+326H 2~
B
D0+3%965°~
T0=-30856°*~

e wanna

1

9730
¥l

9
101
E (0¥
174
114
ni
nz

SIATLVAIN30 ALITIGWLS

H

]
0043000072~ =
20-38000 ¢
D0+30000'9
404300061
T0+3n0TR"2

LU}

YNV 3
L]
ves
1o
AAI
TV

E0a3TLTH
£0+3£045 "
£0+4306492°
0p+32HT6"
~ G
L
0
TE-3566F *
T0-396HT“-

WWNOISHINIG

d0+3000£ "%
£u-INGLTH
¢U=-38085*2
Fo-3004E"n
S0«30005"°E
gi+30000%n

OV Y3d“(SIAILIVATYA] SIXYV ALITVIBVIS) Vivh L0aN1

42%=H D52=9] LJ000°0w=H L4vaddIv Lu0aSN¥al

YTE® "GN NQ4

SNOIAONGY WFIENVAEL WNIGNAIONGT 32v 40 S100Y

wwin

= dZf

AN
3A

H
>

10X
30ax
DX
OHx
Hx
nx

Haumh

o

VHd W
ind
aud
12
FY. 1)

107



AFFDL-TR-78-203

RUN NO. 112 ELEVATOR NUMERATOR CHARACTERISYICS

THETA PER GCONTROL DEFLECTION
ROOTS (COMPLEX FORM)

-.21430~-01 0.
=+54360400 0.
17171 = +214275E-01 1,772 = »S54ISTLE+DD
AT = = 10518E+01 BY = ~.594Q36TE+DD CT = =,12246B6E-01

LONGITUDINAL VELOCITY PER CONTROL OEFLECTION
ROOTS (COMPLEX FORM)

-+ 36650+D1 0.
«69340+01 0.
1/TUL = +I645B9E+0L 1/7TY2 = =.693393E+01
AU= Ja. = ~+T33392E¢00 cu = «261200E+01 DU = +185363E+02
NORMAL VELOCITY PER CONTROL OEFLECTION
ROOTS ACOMPLEX FORM)
- T43HD-02 -+6023D-01
- T4U360=-02 ~60230-01
~4b 266002 «11280~45
IW = «122536E+08 WH = «S068TDE-OL 17/TH = «OZ26619E+82
An = =,1B3SEIE+DZ BH = =,T83388E+03 CH = =.11T7146E+02 OW = =.288414E+D1
ALTITUDE RATE PER CONTROL DEFLECTION
RONDTS (GOMPLEX FORM)
=+1448D-01 t.
+48530+01 L1
-+ 48330401 0.
1/Tv1 = «140816E-01 1/THZ = ~.&B503GE+01 1/THY = «483923E+04
AH = «183563F+p02 = +B2IBINE-DL CH = «,430866E+D3 DH = -.623959E+01
VERTICAL ACCELERATION PER DELTA ELEVATOR
ROCTS (COMPLEX FORM}
= 148830=04 0.
=-+56b51D+00 -.56780+)1
-.66610+00 «S6TED+0L
IA7 = +116549E+00 WAZ = «5T1683E+01 1/TAZL = W 194TTT7E-01
Al = «131870E+D2 BA = «177590E+D02 LA = aI123I3EHND DA = +H23959E+01
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RUN ND, {12 THRUST NUMERATOR ROOTS

T =

AT =

AL =

IH =

TAZ =
AA =

THETA PER CONTROL DEFLECTION
ROOTS {COMRLEX FORM)

~+36660+00 26520400
-+ 36640401 -426520+00
«3100THE+ 00 WT = +452IS1E+00
»105SB54E-02 BT = wTT75TH3E-03 cr = «216601E-03
LONGITUDINAL VELOGIYY PER GONTROL OEFLECTION
ROOTS (COMPLEX FORM)
«12220-01 217150-20
=.510%D+00 =+1397 0801
=.51080+00 «13970401
«343393E+00 Ky = +1H874BELD1 1/TU = =,1221T78E-01
«I18224E400D By = «922798E+00 cuy = «201139E+01 ou =
NORMAL WELOCITY PER CONTROL ODEFLECTION
ROOYS (COMPLEX FCRM)
~+14688D-01 a.
~+ 66610480 =56THDeDL
~+66610+00 «S5678D+D1
«116519E+00 LL «ST1683E+0L L/TH = AW 7TTE-01
=.183563E¢02 BH = ~,7B833IBBE+03 CH = =.117146E+D2
ALTITUDE RATE PER CONTROL DEFLECTION
ROOTS [COMPLEX FORM)
=« 77950-02 «6184D-01
=« 77950=p2 ~ab1840-D1
= 4270002 <1492 0=4T
«125063E+00 HH = +B523307E-01 1/THI = S 2TA4LESD2
+193563E+2 BH = «T8LLTTERD3 CH = «122926E+02 DH =
VERTICAL ACCELERATIDON PER DELTA ELEVATOR
ROOTS (COMPLEX FORM)
=« TT990+D2 ~+B184D-01
-+ 77990-02 261864D=-01
=+ 82630802 =a2THAD=1S
«125126E+00 HAZ = «623298E-01 1/77A71 = = 426316E+02
-+ 183881E+02 BA = =,T84200E#03 CA = =,122991E+02
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RUN NO. 114 COUPLING WUMERATOR ROQOTS

THETA TO ELEWATOR, LONGITUOINAL VELOCXTY TO THRUST
17770 = 5469326400

ATU = =4961255E+00 RIU = =,525741E%00

NORMAL YELOGITY TO ELEVATOR, LONGITUDINAL VELOCITY TO THRUST
1/TW0L = =-,335089%E~-02 1/THUZ = w426651E+402
AWy = - 1678180+02 BWU = =,715342D¢03 CHy = 22399230401

THETA TO ELEVATOR, NORMAL VELOGITY 7O THRUST
1/TTH = »111 396E+01

ATW = +THABREE-01 ATH = +833872E-01

S TIMES THETA TO ELFEVATOR, ALTITUDE 7O THRUST
1/TTH = «111396E+01

ATH = =.TWBS66E-0L BTH = =,833872E-01

S TIMES LONGTITUDINAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOR
A/TUHL = =.435163F %L 1/TUMZ = «4BWQ10E+D1

AUH = 167818002 BUH = =,19345930+00 CUH = =,394076D+03

T FIMES NORMAL VELOCITY TO THRUST, ALTITUDE TO ELEVATOGR
1FTHH = «111396E+01

AWH = {, BUH = «55758P0+02 CHH = +6212340402

S TIMES LONGIYUDINAL VYELOCITY TO THRUST, ACCELERATION TO ELEVATOR
1/7TUAZL = - 27B905E+00 L/TUAYZ = -+ 117Z2Q0E+03
AUATZ = « 1205580402 BUAZ =  =.1416300+04 CUAZ = «394076D+03
PLEASE RETURN PAPER
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LATERAL-DIRECTIONAL PROGRAM
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OOOoOOO0On

250
11

175

FOR
FOR
FOR
FOR

FOR

1143
143
144

13

282

LATERAL-DIRECTIONAL PROGRAM LISTING

PROGRANM LATECINPUT OUTPUT,TAPESSINPUT »TAPEE=QUTPUT,PLOT} 8pa100

LATERAL DIRECTIONAL TRANSFER FUNCTICONS 000110
DIMENSION ROOTRUS),RO0TI{S) .BL4),PL4) JRALL) JAYPLH),DEL(S) a0012¢
OINENSION ROOTROCS), ROOTIO(S),TITLE(24) 90p130
DIMENSTON APBU3)+APSB(3), APAYCL) , IND(B,4) DATACLIS) 020148
COMPLEX COMGOMALCOMB, ANUM, ROEN 00015¢
CONMON ZAAZ CONCONALCOHyANUMyADEN: DTR,IRO0OTsTRo TSy Z0uWD9E4PER, 000150
1AP 8P +CPyDP +AB+BB yCB o OB JOPT 4 A4 TA4THy TCsDATALTITLE,PLT,IPLY 00470
2yRUNy WOD 000188

COMMON/ZBB/RHO Uy SoGNT 4BSPANy ZIXB 4Gy ALFAL+GAMNAR AL X (EX{ 18) s ALFAA, 200190
& ALFAX,PLO,YH,YBOsYP+YR,YDA,ALB,ALBO,ALPALR,ALOA,ALDR,ANB,ANBD, DQ0200
B ANP,ANR,ANDAs ANDR, ALBP, ALBDP4 ALFP+ ALRP, ALDAP, ALDRFP+ ANBP,ANBDP, 000210

€  ANFP, ANRP+ANDAP sANDRP,TIZ8,ZIXZB, YOR 6oo0220
BOUBLE PRECISION ROOQOTRD, ROGTID, 8, Py RAy AYP, DEL4APB.APSB,APAYO00230
DATACIND(I,1Y,I=1, 8}/ A%6H Fy IND(1,2) /754 FOR B, DAQOC240

14+ AND OR DERIVATIVES, AND PER RADIAN FOR BO, P, AND R DERIVATIVESZ000250
2,IMD1L+3)/52H FOR SIDESLIP OERIVITIVES, PER RAODIAN FOR ALL OTHERS/000260
3,IND{L, 41 754H FOR CONTROL DERIVITIVES, PER RADIAN FOR ALL QTHERS/ 800270

by LINDILI,2)4I= Go+8 1/73%6H FoUIND(I+i) 4 I= 648 )/3%EH / oaoaey
IPLYT=0.%PLO=0, 00o29¢
JJax=gq 030300
READ(Ss 11 IMad oKy RUNSTOPTHITITLETI N 411,11} 04310
IF{EDF{5) «NE.D) STOP 000320
FORMAT(I1,T1,I1,A3,13,10464A0) 108330
WRITE€G 175 )RUN-ITITLELIY 4Ix1411) dou3asn
FORMAT (1M1, 33X, 268H ROOTS OF A/C LATERAL , 400354
. 3GHOIRECTIONAL TRANSFER FUNCTIONS+/71H0436X, ge0360
b BHRUN NOs +AIFIHOTX+10A6,A3) a0d3ro
H=1 USE OIHENSIONAL INPUT DATA (STAB AXIS) aD03a0
M=0 USE NONDIKENSIOMAL INPUT DATA (STAB AXIS) LDRELT]
J=0y USE NON=-DIMEN, STAB. DERIVATIVES WITH UNITS OF i PER RADIAN. 080400

J=1, USE NON=-DIMEN, STAD. DERIVATIVES WITH UNITS OF 1 PER DEGREE. 000418

J=2 USE NON-DIMEN. STAB. DERIVITIVES WITH UNITS PER 0G FOR B,0A 000420

AND DR OERIV, AND PER RADIAN FOR BOD,P, AND R DERIF. 0004630

K=1 USE PRIMED DIMENSIONAL INPUT DATA (STAB AXIS) 000448

K=0 USE UNPRIPED DIMENSIONAL INPUT DATA (STAB AXIS) QGG 450

TFAMLT,2IG0 TO 1143 020460

JJxax=1 00047

H=M=5 0004840

TF{MI163y10L,143 000490

IFIKYG0 142,490 ag0540

IFCL.GT.LICALL CHNGOJ} 060510

IFJaGT.eIPLT=PLO faGs29

IFCILE 4 IREADIS4 L13VRHO  Ue So GHT 4 BSPANGZIXBZIZB,ZIXZB 4G4 ALFAL, 06532

A GAMA AL X (CXTI1) 271214180 ALFAALALFAXPLT BOCS40
CYB=CX(1) SCYBO=CX {2} SCYP=CX I BCYR=CX{4)SCYDA=CX{S) SCYOR=0X16) 000558

CLB=CX(7}FCLBO=CX(BYSCLP=CXU(I}SCLR=CX(10) SCLOA=CX (L1 SCLOR=CX (12} DOOSBD

CNB=CX{13)SCNBD=CX 1141 SCNP=CXIL SISCNR=CX{16) SCNOAZCXL1T) 000570

CHOR=CY (18} 000580

TF{ds 6Tt} J)=d=5 000599

FORMATIRELZ.0) a006edd

IF(J) 16841674168 gagetla

WRITE (6,202)RH0,U.S,GHT ,BSPAN,ZIXB, fIZIB,ZIXIB00G620

149G ALFAT4GAMALALX,,CYB.CYBD4CYP,CYRyCYDASCYDR, CLB:+CLBD.C0O0GID
2L Py CLRYCLDA,CLDR,CNB « CNBD »CNPy CNR ,CNDALCNOR 000640
3 JALFAALALFAX 000650
FORMATC1HO . 5XS50HINPUT DATA (NON~DINENSIONAL} PER RADIAN 114560

1 71HD .64 RHO =E12.4, 6X3HU =E12. Gy BXIHS =EL 2.4, XSHGHT =E12.4, 060670

2 ZXTH SPAN =€12.4,4X5HIXD =F12.4/7H IZB =E12.4,3IX6HIXZIB <E12.4+ 0GL6A0
J BXIHG =E12.4+2%XTH ALFI =E12.4y3IXGHGAMA =E12.495X4HLX =E12.%7 006690
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166

1104

1004

LATERAL-DIRECTIONAL PROGRAM LISTING

4 TH CYB =E12.4,3X6HCYB0 =E12.4,4X5HCYP =EL12.4,4XSHCYR =EL2.4 000700
5 IXGHCYDA =ZE{Z.kyIXGHCYDR 3E12.4/7H CLB =E12.4sIXGHCLBD =E12.%, 008710
6 LXSHOLP =E12.0:4XSHCLR =EL12.4,3IXEHCLDA =E12.4,3XGHCLOR =E12.47 opavan
7 7H CNB =E12.443X6HONBD =E12.4 94XSHCNP ZE12.44 4XSHCNR =E1244, gea730
8 3IXEHCNOA =E12.4yIXGHCNDR =E42.4 000740
9 F4NBHALFA =4E12,4,2X7H ALFX =,£12.4} paorse
GO TO 18404 200760
WRITE(G,166 ) (INDAL )y I=148 ) 4RHO,U,S,GHT,B8SPAN,ZIXB,Z1Z8,7IXZA 000774
1+G+ALFAT»GAMAALX4CYB4CYBD,CYPyCYR,CYDA,CYDR, CLB,CLBD,COUOTED
2LPyCLRyCLDA,CLDOR, CNB 4 CNBD,CNPyCNRCNDA 4 CNOR 5 ALFAA s ALF AX 000790
FORMAT{1H0y 6X3IGHINPUT DATA (NON-DIMENSIONAL) PER DEGREE,7AL0,AS a00800
1 /1HEB ,6H RHO =E12,4,6XIHU =E£12.446XIHS =EL2.4,4XSHGHT SEL12.4, 0og0a1n
2 2XTH SPAN =E12.%:4X5HIXE =E£12.677H 128 =E12.4,3X6HIXZB =EL12.%4, 000824
3 6XIHG =EL1244%¢2XTH ALFI =E12.4¢IXEHGAMA =EL12.4, 5XGHLX 2E12.4/ adoa3d
b TH CYB =E12.4+IXEHCYBD =E12.444Y5HCYP =EL12,4¢4X5HCYR =E1244 050840
5 INBHCYOA =£12.443X6HCYOR =EL2,4/7H CLB =F12.4.3I%6HCLBO =EL12.4, 000850
B 4XSHCLP =E12.4s4XSHCLR =E12.4,IXEHCLDA =E412.44IXEHCLOR =E12.4/ anossl
T 7H CONB =E12.4+IN6HCNBD =E12.4+4X5HCNP =E12.4, 4XSHCNR 2E12.%. 0oeB70
3 INEHONDA =EL12.%44 IXEHCHNDR =E12.4 [B1ELE
9 JLNSEHALFA £4£12.442X7H ALFX =,E12.4) 009890
DTR=57.295779 200900
IF(J.EQ.%) GO TO 1104 aagaln
CY8=CYB*DTR gd0920
CLB=CLB*DTR oa0930
CNB2CNB*0TR 900940
IF(J.ETQ.3) GOTO 1000 000950
IFCJWEQak) J=2 405960
CYDA=CYOA#DTR 000970
CYOR=CYOR*OTR gao09ad
CLDA=CLIA®DTR 006499¢
CLOR=CLORYOTR 001900
CNOA=CNDA®DTR 001010
GCNOR=CNOR*DTR 0310280
IFtJ.EQ.2) GO TO 10C0 001630
cvYan=CYRO¥NTR 001040
CYe=CYP*OTR agigse
CYR=CYR*OTR 001060
CLBD=CLBD*OTR 401070
CLP=CLP*0OTR go1084d
CLR=CLR*DTR 891090
CHBO=CNBO*DTR 8911090
CHNP=CNP*DTR 801110
CHR=CNR*DTR 001120
ALFAZ=(ALFAX-ALFAM) /57 ,295779 001130
SINA=SINUALFAZY 001140
COSA=COS{ALFAZ) 0011580
SCLOA=CLOA*SINA 001860
CLOA=CLDA®COSA-CNDA*SINA 002170
CNOA=CNOA*COSA+SCLOA 001183
SCLOR=GLOR*SINA 001199
CLOR=GLOR*COSA«CNDR* SINA 001200
CNDR=CNOR®COSA+SCLDR 991210
SCLBO=CLB0O¥STNA 001229
CLBO=CLBO*COSA~CNBD* STNA ga1230
CNBD=CNBDPCOSA+SCLAD 001240
SCLB=CLB®"SINA 001250
CLB=CLB*CASA-CNB*SINA 031260
CNB=CHB*COSA+SCLE o270
SCYP=CYP*SINA 001289
CYP=CYP*COSA-CYR*SINA+ALFAX/57.295779 0012910
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LATERAL-OIRECTIOML PROGRAM LISTING

CYR=CYR*COSA+SCYP aa1300
SCLP=CLP*STHNA®®? 001310
SCOLP={GLP~-CNRI®SINA*COSA 091320
SCLR=CLR*SINA"®Z 041330
SCCOLR={CLR+CNP}*SINA®COSA 801340
CLP=CLP*GOSA*¥Z2+CNR*SINA*¥2-SCCLR 801350
CLR=CLR*COSA®*2-CNP*STNA¥¥2+SCCLP 001360
CHP=CNP*COSA*¥2-5SCLR+5CCLP 403370
CNR=CNR*COSA*¥2+SCLP+SCCLR 0013680

GO TO 96 001390

146 RSU=RHO*S*U Goi400
IMASS=GHT/32.174 001510
RSUM=RSUFIMASS 0ais2a
RSUX=RSU*BSPAN/ZI NS 001430
RSUZ=RSU*BSPAN/ZIZS 001440
Yy={RSUM/Z.0 1*C¥A 001450
Ya=u*yy 001460
YYO={ASUNTBSPAN/ (4, 0* N} *CYBD 001470
YBO=U*YVYD 001481
YP={RSUM*BSPAN/L4. Q) =CYP 901499
YR={RSUM®BSPAN/ L. D) *CYR pBisda
YOA={RSUMY/Z,01*CYDA 001510
YOR={RSUN®U/2.01*CYOR 251524
ALA={RSUX*U/2.0)*CLB 001530
ALBD= (RSUX*BSPANSL,B) *CLED 001540
ALP={RSUX*BSPAN/4.0) *CLP 801550
ALR=(RSUX*BSPAN/4 .0} *CLR 001569
BLDA= [RSUX*U/2. 0V *CLOA 004574
ALDR= {RSUX*U/2,.0) *CLDR 041581
ANB=({RSUZ*Us2.0)"CHB 801590
ANBD={RSUZ*BSPAN/#4.0) *CNBD §01600
ANP=(RSUZ*BSPANSL . 0) T*CHP 841610
AWR:(RSUZ*BSPAN/4,.0) *CNR 001620
ANDA= {RSUZ*U/ 2, D) *CNDA 801630
ANDR=(RSUZ® /2,001 *CNOR B01&40
WRITE{G6,3001YB, YBD+YP, TR, YDA, YOR,ALB, ALBO,ALP,ALR+ALDA,ALDR, 0016540

t ANB.ANBDANP,ANR,ANDA,ANDR 001660

300 FORMATCLIHO, SXIIHDIMENSIONAL STARILITY DERIVATIVES 001670
1 Z1HD 4 2X4HYB =FE12.64X5HYBD =E12. 4y SXGHYP =E12.4, 5K4HYR =E12.4, 001680

2 LYSHYOA =E12.4,4X5HYDR =F12,47 IN4HLE =E12.4,4XSHLBD =E12,4, 001694

3 SE4HLP =EL1Z.495A4HLR =E12.444X5HLDA =E12.44+4X5HLOR zE12.47 001700

b 3X4HNR =EL12.4,4X5HNBD =E12, 42 5X4HNP =E12.495X4HNR =E12.4, fG1710

5 4XSHNDA ZEL1Z2.4,4XSHNOR =EL12.4} a0iv20

GO TO 145 041730

142 IFCJ.GT.4)CALL CHNG(J? 001748
TFQJ.GT. 4IPLT=PLO 101754
IFIJ.GT IGO0 TO 1101 001768
READIS, 12 UG ALFAL ,GAMA AL X4 ZIXD, 21784 ZIXZB Y8, Y¥BDy YGL770

AP YR YDA, YR ALB,ALBD (ALP AL R AL DA, ALOR, ANB 2 ANBDOD1780

24 ANPy ANR 4 ANDA, ANDR 081790

T +ALFAALALFAX,PLT 4d1500
1101 IFtJ.GT.al)=J-5 #0180
12 FORMATIGELZ.0) goiszo
WRITE{64203) UG ALFATyGAMASALY, ZIKBZIZB,ZINZIB, YB,YBOD2YP, oo1e30
1¥Ry¥DA,YOR«ALByALBDyALP,ALR+ALDA,ALDR » ANB, ANDBD, AGO 1840
2NP,ANRy ANTA . ANDR Ga14850

3 LALFAALALFAX do18s60

203 FORMATULHO4SX3IHINPUT DATA (DIMENSIONAL, UNPRIMED) 0012870
1 Z4HC y IXJIHU =€12,446X3HG =EL124044 2XTH ALFI =E£12.4 JIA6HGANA =E12.4, 001880

2 SXUHLX =E12.4+4XSHIXE =E12.4/2XSHIZB =E12.4+IX6HINZIB =E1244+ 0013893

114
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96

145

LR

90

1100
10

264

LATERAL-DIREGTIONAL PROGRAM LISTING

EX4HYE 2EL2.4, 6X5HYBD ZE12.4+5XGHY® =EL2.4,5X4HYR =E12.4/
2ASHYDA =E12.4+%XSHYDR =EL12 .4, S5N4HLE =E12.4+4XSHLBD =E12.4,
SXGHLP =€12. 0, SXHHLR =E12.4/72X5HLDA =EL12.4+4XSHLDR 3E12.44
SXGHNB =E12.4,4X5HNBD =EL12. 49 SXUHNP =E12.4s5X4HNR =E12.4/
2XSHNDA =E12.4+4XSHNDR =E€12.4+IXGHALFA =E12.4+3IXEHALFX =E12,4)

Yv=v¥asu

YVD=YBOD/U

BTR=57, 235779

ADD={ALFAT-ALFAX) /DOTR

SA=SINIADD)

CA=COS(ADD)

TAd=2.0%4ADD

STA=SINITAA)

CTAzCOS(TAM)

ZINS=ZIXB*CA¥¥2 +ZITB*SA**2 =7IXIB®STA

ZIZS=ZIZQ®CA**2 +ZIXB*SA®Y2 +7IXIB*STA

ZIXIS=ZIXKZB*CTA+,5%1ZIXB-ZIZB) *STA

IFIM.NE,. 1160 TO 1kt

XM=ZIXISSIIXS

IWM=2IXIS/2IIZS

OXZx1.0-((ADSHZIXZSI®*¥2} /7 (2TXSH*ZTIZSH)

ALBP= {ALB+XM¥ANB) FDXZ

ALRDP=(ALBD+XM*ANBD} /DXZ

ANBP=E(ANB&ZM® AL B) /OXZ

ANBDP={ANBO+ZN*ALDBO) /DXZ

ALPP= {ALP+XMY ANP} F/DXZ

ANPP=(ANP+IM¥ ALP) /DX2Z

ALRP={ALR+XM" ANR} F/DXT

ANRP= {ANR+ZM¥ALR) /DXZ

ALDAP=CALDA +XW* AN DAY FDXT

ANDAP=(ANDA+ZN*AL DA) FOX2Z

ALORP=EALOR+XM*ANDR) 7DXZ

ANDRP=CANOR+IM*AL DR) FOXZ

YP=YP+UPSINCALFAX/DTRY

YRSYReU®* (L, -COSLALFAX/OTRY)

HRITE{6 301V ALFATI yALFAALALFAXs ZIXS+ZT7S+ZIXZS+ALBP,ALBOP,

1 ALPP,ALRFP,ALCAP, ALORPANBP, ANBDP 4ANPP, ANRP, ANDAP ;ANDRP

FORMATI 1HQ SX4OHDIMENSIONAL STABILITY DERIVATIVES PRIMED

-~ o e

1 /1HG 4 EHALFL =E12.4+ INGHALFA =E12,4 I GHALFX =E12.4,

2 SXWHIX =EL12,4,5X&HIZ =E12.444X5HIAZ =E12.4,
X F7TH LBP =£12,%, IX6HLBOP =E12.4,4XS5HLPP =E12.4,

3 GASHLRP =E12.4+IXGHLDAP =E12.4+3X6HLORP =EL2.4/TH NBP =E£12.4,
& IXGHNBDP =EL12,4+4XSHNPP =EL2.444XSHNRP =E212,49 IXGHNDAP =E12. 4,
5 IXGHNDRP =E12.4})

Go To ti12

IF{J.GT.&4)CALL CHNG{J)

TF{J.GTa&}IPLTZPLD

IF(J.GT.43G0 To 1100

READIS 10V U oG o5 AMAL ALKy YR, YB04YP4 YR, YOA +YDR » ALBP, ALBOP,, ALPP,
1 ALRP,ALDAP yALORP 4 ANBP, ANBOP ,ANPPANRP; ANDAPANDRP,PLT

ALFAX = 0.

ALFAA = 0.

ALFAT = D.

IFtJ.GT.4)J=J=5

FORMATI(GEL2.0)

WRITE(D, 2061 U,6,GAMALALX YB, YBO ¥R YR, YDA, YOR, ALBPALBDP,

1 ALPP,ALRP,ALUAP, ALDRP . ANGP , ANBOP ANPP, ANRF 5 ANDAP o ANORP
FORMAT{ 1HG, SX45HINPUT OATA {OIMENSIONAL ., PRINED}

17 AHBIXIHU 2EL2.%y 6NING =E£12, Gy INGHGAHA ZEL12. 8¢ SAHLX =E12.4,y
2 SNHYB =EL124%y 4XSHYBD =E12,. 4/ IXLHYP =E12,4¢ SXUHYR =E12.4,

115

9041904
0019110
001928
001930
001940
014952
3319640
901970
001940
401994
g020438
40200
ga2020
902030
00204
002050
0020640
bo2070
ggzoneg
002390
002140
082110
032120
802130
DB21490
pd21i5e
002168
002170
0gzis0
0821910
002200
002219
gozz2o
002230
002240
ggzaso
ge2268
002279
802280
0g2290
002300
82310
g02320
R0 2330
002341
002350
182360
092370
[LE£LT]
902394
j82400
002419
002420
a02430
002440
002450
002460
DO2%70
002480
902498
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1]
4nl

403
1307
21
{06t
ign2
800

9t
119

LATERAL-DIRECTIONAL PROGRAM LISTING

3 WNSHYDA =E12.4,4X5HYDR =EL12.4s4XSHLBP =£12,4,3X6HLBOP sE12.4/
=E12,444XSHLRP =EL2 4 ¢ SXGHLDAP *E12,.4,3XEHLORP =2E12.4,
5 4XSHNBP =E12.4 ,3N6HNBDP =EL12.4/72X5HNPP EL12.%4,4X5HNRP 3512 by

4 Z2XSHLPP

6 IAEHMOAP =E17.4yINGHNDORP =2E412.4)

yv=yYasu
YvO=YBDsU
DTR=57.295779
XKON=2.0%3. 141589
GOD=TGAMA«ALFAX)/DTR
S6=SIN(GOD)

CG=COS(G00)

G3G=G*56
GGG=L*(CG
R7ZERO=0.0

IRCOT=1

IFIPLT . GTeDoa ANDSIPLT.EQ. DICALL PLOTS(DATA,438)

LATERAL-DIRECTIONAL DENOMINATOR

A=1.0=-YVD

BDz=ALPP=ANRP-YVYs ANSOP* (L 0~ {YRANY~ALBOP*{YP/L)
i *+YVOF (ANRPHALPP}

C=ANRP®* ALPP - ALRP*ANPP#ANBPY {1, 0~ {YR/U) } #YVE{ALPP+ANRP)
1 «{¥PFUYFALEBP=-ANBDP¥ (ALPP* {1, U-(YR/A N+ (YR /U "ALRP+ {GSG/UYY
2 +ALBOP® (ANPP* {1 . 0={YR/UI+(YP/UY *ANRP~(GCG/WY)
3 +YVD* (ALRP*ANPP-ANRP*ALPP)

D=ALRP* ANPP*YY=ANRP* ALPP*YV+ (YP/UJ* [ANRP*ALBP=ALRF*ANBP)
1 +01.0-(YR/UVI*LALBP*ANPP=-ALPP*ANBP) = (GCG/YI*ALBP
2 ={GSGAUL *ANBPHANBDP* ({GSG /U FALPP-{GDG/U) *ALRP)
3 +ALBOP* (IGCG /U FANRP- {GSG /1) “ANPP)

E=(GCG/U) *(ANRP¥ALBP~ALRP*ANBP) + {GSG/UY *(ALPP*ANBP~ALBP*ANPP)

HRITE (6,176}

FORMAT{1HD, 15X, I7HLATERAL DOIRECTIONAL DENOCMINATOR ROOTS)

DEL{i)=4

DELI2)=BD

DEL{3)=C

DEL{4Y=D

DELIS)=E

Nz

CALL OMULR (DEL.NyRCQTRD,RQOTID}

M=1

WRITELG, 401}

FORMATILH ,20HROOTS (COMPLEX FORMI)

IF{M.EN. 3} GO TO 1007

IFIMsEQWs5AND.JXY.EQs1} GO TO 1087

WRITE(G 44031 R2ERD,RZERD

FORMAT(SY 4Ftuly336aFdhal)

DO 1402 I=i,N

IFIOABSIROOTID(IN) LT .D=65)1G0 TO 1401

HRITEIG, 24V ROGTRDIL) 4ROQTID(I}

FORMATUAH +3XCL12.4,5%D32,4)

GO TO 1802

WRITE(G,21) ROOTROUTY

CONTINUE

00 BOE I=isN

ROOTRIT)=ROQTRO(I}

ROOTICIN=ROOTIDII)

GQ TO (96,67 ,72473480)4M

IF(1.E-4=-ABSCROOTItL))}IL119,120,4120

W1=SORT (RQOTR (L1} **2+ROOTI (1} **2)

HO1=AASIRQOTIC(IY)

71=-RO0OTR (L1 /W1

116

ae 2500
002510
ooz2s2¢
002530
082540
092551
002560
ge2sta
ag2ssp
Do 2590
002600
[ ] FA3
002620
002638
802641
902659
Do2e6d
032670
062683
002690
po27en
902710
pazrzo
po273q
802740
4o2750
0027610
0j 27748
on27a0
902799
0026800
0g2s810
Qd282¢
0023839
ag 2840
002a5a
002861
f0zava
[ FLLL]
002830
402900
0029140
002928
002930
402940
0029540
002960
00zgerg
002950
Q902991
903000
603010
003020
803030
003042
00 3050
03064
0030748
403689
003030
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LATERAL-DIRECTIONAL PROGRAM LISVING

W3=WL/XKON
WD3=WOL/XKON
115 IF{1.E-4-ABS(ROOTI(3)) 116,117,117
11& WO=SORTIROOTR(3¥**2+RO0OVI (3} **2)
WDO=ABSIROOTI(IN)
I0==ROOTR{3} /WD
HuzdD/X KON
WOL=WOD /X KON
IFLABSIROOTII1)).LT..00L)GO TO 91
IROOT=2
IFIND=Hi17 3417 3,176
174 HWRITE(6 4390 Z1L 4 W1y ZD 4 WDy WODe W3, Wi, WD
Il=1
GO To 222
173 WRITE(H.39) ZDWDp ZL s W1y WDLy s, W3, W03

ga3ien
031148
0g 3120
243130
GE314D
003150
003160
003170
003180
00319¢
0gazan
oo3210
003220
003230
003240

39 FORMATLLHO, O4HZ1 =4E10,651%y DUHWL =,E164,601Xy OTHRADZSEC,LX, 04003258
THTZ = E144641Xy O4HWZ =yElbuBetXy OTHRAD/SEC ,4X, 06HWODR =,E1003260

P4 6yl Xy OTHRAD/SECY 724X 9 JAH= s ELll 651Xy JOHCYCLES/SEC, 23X T 1H=
*  LELl4.B41Xe 1QHCYCLES/SECy HX, ulH=sElh.6+1Xe 10HCYCLES/SECH
nuMB=ZL
Zi=2D
Z0=0UMB
STUPE=W1
Wi=nD
WD=STUPE
STUPTD=WDA
WOi=W0D
WOD=STUPID
Ti=}
GO Yo 222
120 TO1=-1./RO00TRI1}
ROOYI(L)=2.,0
IF(3.E~4=ABS{ROOTI(2)1)1305,131,131
130 WO=SORT (ROOTR(2}*¥2+ROOTIC(2) ¥*2}
WDD=ABSIROOTI(ZY)
Z0==ROOTRA2) 74D
H4=HO/XKAON
WOL=NO0/ X KON
T02=<1./R0OOTR (4)

GO TO 91

131 TD2==~1./RO0TR (2
GO 70 115

91 I1=2

IF(ABS(TOL) LT, ABS(TO2)GD TO 89
HRITERG 170 ITTL+TD2+ ZD o WD « KOO » Wi, WD i

176 FORMATO 1M LXUHTS =E14.643X 4HTR =ELli 6,3X,5HIOR =E1h .6,
L 3%:5HWDR =E1L,648H RAD/SEC,6X,6HWDDR =E14,.648H4 RAD/SEC,

903273
003284
403290
2433080
003310
003329
003330
00 33640
003358
003360
003370
003380
843390
003400
003416
003424
003435
00 3460
003650
0034606
203470
00 3480
003490
003509
043510
243520
0035340
103540
043550
093560

2 /1H 459Xy 04H=yE1446912H CYCLES/SECAXy DIH=4El%.6411H CYCLES/SEQDISTO

)
TS=T0O1
TP=TD2
T1=2
GO TG 222
A3 WRITEIG470)TUZ,701,20,W0,W00, Wi, WD
15=T02
TR=TN{
GO TD 222
117 TD3==1./ROOTR {3}
TD4=-1, /ROCTR{4)
HW=H1

17

4433580
003590
0a3600
003610
003620
b03&3o
03640
203650
g0 3660
043670
903680
003690
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LATERAL-DIRECTIOML PROGRAM LISTING

WRD=wN1 083700
Z0=71 0a3710
IFIABS{ROOTICL)1.6T..001G0D TO 109 aaar2da
WRITE (641710 701,TD2,T03,TDY 923730
IRQOT=0 003740

171 FORMATOLHE,TH T1 ZEL4.B4X47H T2 2ELlhab644XeTH T3 =E14.6, 083750
1 4XeH Ti =£14.6) 033760

GO TQ 221 803770

109 Ii=2 003730
IF(ABSOTO3) LT, ABSITOL}IGO TO 12% 003790
HRITE(G 17D TO3 TDUy Z1 oW1, WDLy W3, WD3 003800
T5=703 003810
TR=TOhL 03820

GO TO 222 003834

124 MRITE(B,1703704,TD34Z1i+W1i,W01,HI,HD3 003840
TS=TD4 003350
TR=TD3 003apd

222 PER=XKON/UIWD*SQRY{1.~ARS(ZD)**2}} 103870
TOR=XKOAN/HD gg3asg
TTO1=.69315/LARSLZ0) *wD} 003430
TT02=2. 30259/ (ABSIZDI* WD 40 3900
CTOo1=TTOL/PER 003910
CTO2=YTOR2/PER 093920
CTo3=1.0/CT01 G03330
CY0u=1.0/CT0O2 D3940
IF(Z0)223,223,4224 053950

224 WRITE(H,414)YTOR,TTO1,TTO24PER,CTO1,CT02,4CTOI,CTOW 003360
114 FORMAFCIHO,1X17HOUTCH ROLL MODE /ZLHO,6X6HTDR =E13.5. 0039710
1 1IXLIHTINE TO HALF AHP. =E13.,5,16X24HTIME TO ONE TENTH ANP. =, 44639340

2 E13.59/1H LEXGHTDOR =E13.5, 11X2LHCYCLES TO HALF AMP. =, aD 3990

X E13.5» 14 X26HCYCLES TO ONE TENTH AMP, =E13.5, 006000

I/ 2BXIOMONE DVER CYCLES TO HALF AMP. =E13.%,5X3ISHONE OVER CYCLES TOD04010

% ONE TENTH ANP. =E13.5) 004020
TIW=2,*Z0*W0 035034
WNQSO= WO * WD 404040
HRITE(6+600) TZIW,WNOSQ 94050

603 FORMAT(4AX, 10H2*ZORWOR =,E13.5, 33X, THHORSA =,£13.5) 034060
GO YO 165 'PEV IS

223 HWRITE(6,402)TDR,TYOL+TTO2,PER,CTOL,LTO2 034080
402 FORMATCLHO. LXASHDUTCH ROLL MOOE./1H0,LiX6HTOR =E13,5, Q04690
1 EX21HTIME TO DOUBLE AMP, =E13.5,16X24HTIME TO TEN TIMES AMP. =, 004108

2 E1345, /1H +11X,6HTODR =E13.5+4X4+2IHCYCLES TO QOUBLE AMP. =, Q04110

3 E13.5, 14X26HCYCLES TO TEN TIMES AMP. =£13.5) 004123
T7W=2.%20%40D 004138
WHNOSQ=WO* WD 004140
WRITE(6,600) TZH,HNOSD ge4150

165 GO TOC149.221),11 204160
149 PER=XKON/(W1¥*SQRRT(1.-AB5(Z1)%*%2)) 06170
TOR=XKON/HWL 004180
TT0L=.69315/ (ABSIZL) * W) 2041910
TT02=2. 30259/ CABSEZ1}*WL) 004200
CTO1=TTNL/PER 804210
CT02=TT02/PER 004220
CTO3=1.0/7CT01 a0&230
CTO4=1.0/CTO2 004240
TF{Z1Y164 41644169 004250

169 WRITEU6+177ITOR,TY01,TT0Z 4PER,CT01,CT02,CTD34CT04 04260
TIWLP=2,.%Wi*Z] pow27d
WNOSQL=H1¥*Wi 00&280
WRITELG B0 TZHLP +NNOSOL Bowz90

118
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c

177

164
178

221
201

5480

1004

1003
14
92
102

330

LATERAL-DIRECTIUML PROGRAM LISTING

FORMATC1HO, 1 X1THLONG PERICD MODE /1HD,6XEHTOR =E13.5.

1 13X19HTIME TO HALF AMP. =£13,5,16X24HTIME TO ONE TENTH AMP, =,

2 €13.5,71H LEXEHTDOR =E13.5,11%21HCYCLES TO HALF AMP, =,
X E13,5, L4 X2HHCYCLES TO ONE TENTH AMP, =E13.5,

004300
004310
004320
004330

3/ 20X30HONE OVER CYCLES TO HALF AMPs =E13.5,5X35HONE OVER CYGLES TOO0Q4340

& ONE TENTH AMP, =E{3.5)

GO TO 221

WRITE (6,178 TORTTQL,TTO2,PER,CT0L,CT02

FORMATC1HO, {X16HLONG PERIOD MOOE./1HO,L1XEHTOR =E13.5,

1 BX2LHTIME TO DOUBLE AMP, =E13.5,i6X2LHTIME TO TEN TIMES AMP, =

2 ES3.5:/1H 211X +6HTDOR =E313.5,4 Xy 2IHCYCLES TO DOUBLE AMP, =,
3 E13.5,14X26HCYCLES TO TEN TIMES AMP. =E13,.5)

T7HLP=2 SHi*Z1

WNOSQL=HW1*W1

WRITE (6,201) A4BD,4Cs04E

FORMATIAHO » ITXNLZHCOEFFICTENTS/1MHD 44X 3HA =E13.5,3X3HB =F13.5,
1 3IXINC =E13.5¢3IXIHD =E13,5,I¥IHE =E13.5)

CON = ~ID*WD

GCONA = WD*SQRTI1.-ABS(ZD)**2)

COM = CHPRLX (CON.CONA)

COMA = COM*GOM

COoMe = COMA*COM

ANUM = [ALBOP*({YR/U=1.1+ALRP-YVD¥*ALRP]*COMA

1 +(IYR/U=1, ) *ALBP+ALBOP*GSG/U~ALRP*YV) *COM+ALBP *G56/U
ADEN = C(YRZU-1,3*COMB+LALRP*YP/U+GSG/U=-ALPPP{YR/U=1.) ) *COMA

i +{ALRP*GLG /U~ALPPYGSG/U) *CaM

PTCB = SORT{(REALIANUMI**Z2+ATIMAG (ANUK) *¥2) /
1 {REALCADENI *P2¢ATHAG LADEN) *¥¥2})

WRITE (6,500)1PT0R

FORMATI//72X,19HPHI TO BETA RATIO =,E12.4}
SIGMA=RHO/2.3769E-03

PVHAG=DTR*PTOR ZLUPSOARTISIGMA))

WRITE (6,4502)PYMAG

FORMAT(/2X, 1AHPHI TO EQUIV VEL =,EL12.4)

f SPTOB=WO**2+PT0R

HRITE(E,504)FSPTOR

FORMATE /2%, J8HFREQ SQUARED TIMES PHI TO BETA RATIOQ =4E12.4}

ATLERON

YO=YDA

ALDP=ALDAR

ANDP=ANDAP

Ji=0

IF(YD.NE.(.0)GO TO 1003
IF{ALDP.NEL.Q.DIGC TO 10893
IF(ANDOP,NE.U.01GO TO 1003
WRITESB, 100 %) RUN

FORMAT(LHL, SXAHRUN NO« AJ,/1H0,10X,

1 EDOHTHE AILERCN NUMERATOR ROOTS AND CHARACTERISTICS ARE ZERO.

GO T0 113

HWRITE{B, 14) RUN

FORMAT (141, 2XAHRUN NO, AZ+5%23HATLERON NUMERATOR ROOTS)
SIBDESLIP YO CONTROL DEFLECTION NUMERATOR

WRITE (6,302)

FCORMATCLHB, 15 XIOHSIDESLIP TO CONTROL DEFLEGTION)

DO 339 T1=1,5

RODTRIILY = 0.DB

ROOTTIILY= 0.0

AB=YOD /U

BBz=AQ* {ALPP+ANRPI+ANDP* (IYR/UY=1,0} +ALDP*(YP/U)

CB=AB* (ALPP*ANRP-ALRP*ANPP) + ANDP¥ (L YP /U) *ALRP=- (YR /1)

14

B043540
0043640
004370
004340
09433940
GO&400
064410
004420
004430
BUEETE
004450
004460
fouiL7o
B0 4480
004490
004500
004510
no4526
404534
004540
0045540
04564
0046570
006580
004590
004600
004610
094620
004630
2046410
PO4650
204660
04674
404680
Bausap
aoL700
N0w7i0
0072y
004730
006740
004750
004750
00477y
004780
06790
204200
034810
004820
004830
Gou840
104850
004860
005879
004880
0548490
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63

62
B4

&7
6%
41

3q

29

64
W3

o
45

151

46
47

150
81
I3

LATERAL=-DIRECTIONAL PROGRAM LISTING

1 ®ALPPeALPP+1GSG/U) I +ALOP*{{YR/UI*ANPP~1YP /I *ANRP=-ANPP
2 +IGCG/UY)

DB=(GGG/UI* {ALRP*ANOP=ANRPYALDP ) +{GS6/U)* (ALDP*ANPP=~
1 ALPP*ANDP)

Blil=AB

8{2¥=83

Bt3)=Cca

B{4)=08

IFa{11)162463462

N=2

BA1Y=B(2)

Be¢21=R{3)

BI31=B{4)

G0 TQ A4

N=3

CALL OMULR (B,.N,ROOTRO,ROOTID}

M=2

GO TQ &8

TF(N=2) 64+65464
JF{LE~Z=RBSC(ROOTITAI M4, 42442

WB=SQRT (ROOTRILI**2+RODTILL) **2)
IB==-ROOTR L) /HWB

WRITE (6,4 30)7Z8, W8

FORMATIAHD s TH4&4HIB TEL4. 62T N4HWB =EL14.6)
G0 TO A1

RODTRI1)1=-RO0TR (1)

ROOTRE2) ==ROOTR (2]

WRITE (6,291RCOTRIL) 4ROGTRI2)
FORMATCLHO 4 X,7HL/TBL =E164644X%,THL/TB2 =£104.5)
60 T0 a1

TF{1.E~2=-ABSIROOTI(11) 143440 4b
WBL=SQRT(ROQTRILI¥*Z+ROOTIL1)¥*2)
I81=-RO0OTR{1) /WBL

ROOTRUI) ==ROOTR(3)

WPITE 16,152 201+%WB14ROOTRI3]

FORMATUEHO + 7X45HZB =E1ueE15XsSHHE =EL4.645XTHL/TB1 =Ei4,6)

GO 7O 81
TFUL.E~2-28S(ROOTIN2III45 ab ol
WEZ=SORTIROQTRI2) **2+ROOTIC2}** 2}
782=-ROOTR(2) /HB2
ROOTRIL)I==ROOTR{L)

HRITE (64.151VR0O0TRI1),ZB24WB2

FORMATUIHD TXs7HL/TB =E1%.645X+5HIB  =E1k.645K,5HWE =E14.6)

60 TO 81

DO &7 I=1,3
ROGTR{I1==-ROOTRAID
WPITE(G,150LROOTRILIN ,I=1,3}

FORMATELHO, 5Xo7HI/TBL =E1446+45X,THL/TB2 =E14.645X4THL/TBY =E14.6)

WRITE (6,303)48,88,CB,08

FORMAT( 1HO s IX4HAB =EL12, 4y 3X4HBE =£12.49IXGHCB =E1244,
i IXLHDD =E12,. 4}

ROLL TO CONTROL DEFLECTION NUMERATOR

WRITE {6,304}

FORMAT{1HD, 15X3IZHROLL ANGLE TOQ CONTROL DEFLECTION)

DO 331 I1=1,.5

ROOTRA{IL) = 0.0

RODTINIL) = 0.0

AP=(YD/U) *ALBDP+ALOP* (1, D~-YVD)

BE=LYD/UN *{ALBP~-ANRP*ALADP+ALRP*ANBDP) + ANOPF (ALRP -
1 ALADP® (1,0-C¥YR/UII-ALRP*YV) +ALOPT { - ANRP =YVt ANRP*YVD

120

004900
004910
84920
104930
5049460
904950
dd4960
114970
134980
404990
005003
835010
Gés02t
005030
005040
005050
005060
0050740
gasasa
005099
o05104
0asis0
gas5120
805130
045140
005158
005160
DU5170
Q05180
085190
gas2040
8a521p
085220
ngs5230
005240
005251
005260
n05270
pos280
025290
605300
0353190
0453240
045330
205340
405350
085360
995374
005389
n053948
805404
005410
pos54290
005430
005440
035459
005u6d
Fa547C
005480
085490
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LATERAL-DIRECT IOML PROGRAN LISTING

2 +ANBDP*(1.0-{YR/7U})}} 005500
CPa{YD/UI* {ALRP*ANBP~ANRP*ALBP) +ANDP* (~ALRFY YV~ 195%1¢

1 ALBP¥{ 1,0~C(YR/UN)¢ALBOP*(GSG/U) ) +ALDP® LANRP*YV tANDP® 205528

2 (1.8-(YR/U}) -ANBOP* (GSG/U)) $0553¢%
OP={GSG /U * (ANDPY ALAP=ALDP*ANBP) DI5540
Pili=AP 045550
P(2k=QaP 005568
P(31=CP 845570
Ph)=pP 065580
IFIPLL}) 68,6958 085590

659 N=2 855600
Piil=P(2) 205610
P{2)=P(3) 195620
P{3t=PlL) §05630

60 TO 125 005640

68 N=3 005650
125 CALL DMULR (PN,RDOTRD,RQO0TID} 005669
Me3 245670

GO T BE 005680

144 TFIN=-2)TD,71,70 635690
71 IF{1.E-2-ABSIROOTI{L) 148,499,499 aes7o00
48 WPESART {ROOTR{L)#¥24RO0OTI(1) **2) ws7ia
IP==ROOTRAL) /WP 485720

R= NP7 WO 005739
HRITE (6432} ZP.HPW Q05740

32 FORMATCAHO o TX yRHZP SEL1&4u 6, T X uHWP 22144 645X, *NPHI/HDR =*FE1 4.6} 005750
GO To 82 995760

49 ROOTR{LV=-ROOTR(1i} 0057748
ROOTRI2Y=~RO0OTR(2) 8a578d
WRITE {6,31IR0OOTRIL),ROO0TR{2) 905790

3 FORMATLAMO, 4X s THL/TPL SELkaByiXTHL/TPZ =E1%.6) 095804
60 T0 a2 apsei0

T8 IF(L.E-2-4BStROOTIIL1))I50+58,.51 8a56824
50 WP=SORT{ROOTR(11**24ROOTI{1) 802y 005830
IP==ROOTR{1}/wP 005840
W=WP /WD 005850
ROOTRIF)I=-ROOTR{3} 03585638
HRITE (54851 2P, WP,ROOTR(3),N 00587¢

85 FORMAT(1HD+ 4XAHZP =E1646y TXGHNP =Llbo 6o TXTHL/TP =Elk.B, 405880
1 SXI0HNPHIZWDR =Elk.6) 0058490

G0 TQ B2 0gsa9on

51 IF(L1.E~2-ABSTROOTIL21)I52,53,453 205910
52 WP=SORT (ROOTR(Z) **24RO0OTI{2) **2) 005920
IP==ROOTR (2} /WP 205930
H=WP/ND 205948
ROOTRILY ==-ROQTR{L) 085950
HRITE (64,25)ROCTRILY 4 ZP¢ WP W 005960

25 FORMATUAHO ¢ 4X ¢ 7HLFTP TEL4eb1TXy4HZP =ELlh. Gy X1 4HNP =E14,6, 0059740
1 SXLPHWPHIZMDR =E1k.6) 005988

GO TO 82 885990

53 U0 &0 I=1,3 6000
&0 ROOTR(IY==ROOTRIT) oaes1o
WRITE{6426) (RODTREI} ,,I=1,3} 906029

26 FORMATE 1HG s GX 4 THL/TPL =E14a Db Xy THI/ TPZ =EL4.6+4 X TH1/TPI =E14.61 006030
82 HRITE (643051 4P,BP,CP,OP 806040
305 FORMATI1HG s INWHARP =EL24 %y INGHBP =E12. 549 INUHCP zE12.4, 206050
1 3X4HDP =E12.4) 006d68

c YAW RATE TO CONTROL DEFLECTION NUMERATOR 006470
WRITE (64306} 836080

306 FORMATI1HO.15X3CHYAR RATE TQ CONTROL DEFLECTION) na6asn

121
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¢

332

75

TH
126

73
7
55
34

56

33

76
57

86

53
78

27

Ts
58

28
83
anz

LATERAL~DIRECTIOML PROGRAM LISTING

0o 332 Ti1=1.5

ROOTR(IL1} = 0.0

ROOTIIILY = 0.0

AR={Y0/7U) *ANBOP+ANDP* (L .0~-YVD)

BR=IYD/UI *LANBP-ALPP¥ANBOP+ANPP*ALBDP)
1 +ANOP® (~-Y¥~-ALPP* (1.0-YVD) -ALBDP*{YP/U})
2 +ALDP* (ANPP+ANBOP*LYP/U) ~ANPP*YYD)
CR=(Y0/U) *{ALBP*ANPP-ANBP*AL PP}

1 HANDP* {YY* ALPP=-ALBP* (YP/U)=-ALBOP*{GCG/ )
2 +ALDPR (ANBP* IYP/UI ~ANPP¥*YV#ANRDR® (GG G/UD )
DR={GCG/ U * LALOPTANBP-ANDP¥ALBPF)

RA{LI=AR

RAL2) =BR

RA{ =CR

RA{4)=DR

TFIRALLIITUTS, T4

N=2

RACLI=RA(2Y

RALZ2)=RAL3}

RA(3I=RA L)

GO TOo 126

N=3

CALL DMULR{RALNyROOTRD,ROQTID}

H=4

G0 TOD 6B

IFIN=2176,T7,76
TFlE=-2=-ABS{ROOTI(L)1155,56,56
HR=3NRT(ROOTRI11**2+RO0OTI (1) #+2)
ZR=~ROOTR{1} /KR

WRITE(E + 34} IR, HR

FORMATI 1HQ» TXU4HZR =E18.6, TXHHWR =E1%4,.6)
60 To a3

ROOTR{1}==ROOTRIL)

ROQOTR{2}==-RODTR{2}
WRITEL6,33YRODTR{11,RODTRIZ)
FORMATU LHD » X 3 THL/TRL =€1446,4XTHL/TR2 =€14.6)
60 To A3

IF{L.E-2-ABSIROOTILL)}IGT,58,560

WR=SART IRCOTREL) **2+ROOTY {1} **2)
ZR==ROOTR (1) /WR

ROCTR(3¥==-ROOTRI3)

HRITE LG B6Y 7R 4R, ROOTR{3)
FORMATCOIHO s #XUHIR =ELlbeby TXUHNR =E14.6, 7ATHL/TR =£1b4.6]
GO TO 83

IFLL,E-2-AGSCROCTI(Z)IITB,T3,79

WR=SQRT (ROOTR(Z)**Z+ROOTI(2}) *¥2)
ZR=~ROOTR(2] /WR

ROOTR(L)==ROOTR(Y)
WRITE(E.+27TIROCTRIL) y ZR4UR
FORMATCLIHD s 84X 4 THL/TR  =EiheB o 7TXUHIR =EL14.64TXGHRR =Ei&.B)
GO0 TO 83

Do 88 I=1,3

ROOTRLIY==ROQTRII)
MRITE(6,28)ROOTR(L1) 4ROQTR(2} 4ROOTR(I}

FORMATOLHD 4X 4 THL/TRY =€14e By Xy 7THL/TRZ =E1&oB,s4X 47HL/TRI =ELL,6)

WRITEIG,307AR,BR,CR,OR

FORMATI 1HD, 3XAHAR =E13.5:2X4HBR =£13.%5y 2X4HCR =E1 3.5,
1 2X4HDOR =E13.5)

IF(ARS{AL Y} L T..001) GO TO 1005

ACCELERATION A Y PRIME TO CONTROL DEFLECTION WNUMERATOR

122

206101
906110
Q06120
006130
206140
4061540
006160
206170
0a61839
906190
06268
0062140
006220
006230
006240
06250
006260
goe270
006280
996290
0d6 300
406310
006320
046330
006360
006350
406360
0063740
4563840
006390
006400
006410
§a6420
006430
006460
0064540
006460
[FLEYS
006480
206491
006500
0065140
gas520
006530
006540
006551
096560
006570
006580
006530
106609
QA 66190
00&620
046630
006640
4066540
0066610
006674
006680
006690
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LATERAL-DIRECTIONAL PROGRAM LISYING

JXY = 0
WRITELH, 3080

006709
036710

308 FORMAT(1HO,15X*ACCLEROMETER SENSEQ SIDE ACCELERATION TO CONTROL DEdO&720

311

333

i1
127

40

133
102
102

128
10s

35

106
15
97

93
it&

163
107

1FLECTION*}

AAYP =ADTU+ARYALX

BAYP =BB%U+ARTALY +UTAR
CAYP =CATU+CR*ALX+U*BR-GCG*AP-GSGYAR
TAYP =DR*U+ORFALX+U¥CR-GCG*AP~GSG*BR
EAYP =U*0R=GCG*CP=-GSG*LR
AYP{L1)I=AAYP

AYP(Z2¥=8AYP

AYP(3)=CAYP

AYP{4}=DAYP

AYPIS)=EAYP

00 333 Ii1=1,5

ROCTR(ILY =0.0
ROOTINIL)I=0,.0

IFAYPC(LY 111,132,128
AYPI1)1zAYP(Z)
AYP(2)=AYP(3}
AYP{II=AYPI4)
AYP{LI=AYP(S)
IFCAYPELYYIL 21,122,012
N=3

GO To 127

AYPELY=AYP(2)
AYP(2)=AYP(3)

AYPIIV=AYPLL)

N=2

GO TO 127

N=&

CALL DONUYLRIAYP4NyROOTRD,RO0TID)
L=1

M=5

60O TO 66

TFIN-4)1234134,133

IF{1,E-2-ABS(ROOTICLI}) 101,402,102
IFAL,E=-2=-ABS{ROOTINZY1I103,106,104
Wi=SQORT{RODTRIZI**Z+ROOTI(Z) **2)
Z21z=RODYR(2) 7KY

GO TO (128,128,128,128,129),.1
IFA1,E=2=-ABSIROOTItR))}105,1 064106
WZ2=SOATIRDOTRALI¥* 2¢RO0TI () **2)
72z=ROOTR (A1 /W2

ROODTRIL) =~ROODTRIL)

WRITE(G 2350 Z14N1422,H2,RO0TR (1)
FORMATCAHD L AN 4BHZAYL =EL12.49ySNeEHNAYL 2EL2.045X06HTIAYZ =EL12:4 49X,
1 BHWAYZ =E1Z2.L4+3X,8H1/TAY =E12.4}

GO TO a7

GO TO (154164171 ,L

D0 37 I=1,5

ROGTR{IV=-RODTRLI}

WRITE(6s 931 ROOTRILY 4 Z1,W1+ROOTR (%}, ROOTRIS}
FORMATOIHO 1 X BHL/TAYL ZEL2,445XGHZIAY =EL12.4,SKE6HWAY =EL1Z2.4,
1 SXAHL/TAY2 =E12.&,SXBHL/TAYI =E1Z.4)

GO TO 87

GO TO t163,163,163,163,1381,L
TFI1l.E-2=-ARSCROOTIC(I}13LQ7,108,108

W3=SART {ROOTR (I I+ ¥ 24+ROOTYI(3) ** 2}
Z3==RO0OTR(I) /W]

123

006730
0067440
006750
00E760
006770
006780
a06790
036800
06418
9968230
go6sdc
036840
086850
006660
006870
005880
006890
006920
0069140
446920
006930
006340
006959
006960
006970
0069840
R06990
aa7004d
0079140
aezozo
07038
007040
BO7G50
go7aee
0o7e7o
007080
0a7090
007105
Qo710
997120
a07130
0071ed
gariso
097160
Bavizo
aavieq
porian
0a7201
ga7aL0
gu7220
gn7230
007240
007250
0a7264¢
007270
847280
607290
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155
98

59

ica
13€

157
99

en

138
153
100

37

141

24

23

36

158

i60
134

17

18

16
19

154

2n

LATERAL-DIRECTIONAL PROGRAM LISTING

GO TO (15541565 158:153),L

no 98 I=1,%

RUOTR(IV=+-RAQTR(I)
WRITE(G64599ROOTRIL) 4ROTTRIZ) ,Z34 W3, ROOTRIS)

FORMAT{ LHD, 1XB8HI/TAYL =E12.4+5X8HI/TAYZ 2E12.495XGHIAYT =EL2.4,

1 SXEGHWAY3 =E12.4,5MBHL/TAYS =E12.4]

G0 TO &7

IF8L.E~2=-ABSEROOTI(4}))135,136,136
W2=SORATLROOTR{L)}I**Z+ROOTI (4) *»2)
Z2=ABSUROOTRIL)I}I/WE

GO TO (157,158416416),L

00 99 I=1,.3

ROOTR(I} *=-ROOTRII}
WRITELE,60IR00OTRIL) 4 ROOTRIZ) yROOTRII} 422,02

FORMATC1HD» LXBHLI/TAYL SEL12.6SNBHL/TAYZ =E12.4s5XBHL1/TAYY 2E12.4,

1 SYGHZAY =E12.4,5XEHHAY =£12.4)
GO TO &7

GO TD (159,160,164+162),L

DO 100 I=1,N

ROOTRIIY==ROOTRII)
HRITE(6+ 37 [ROOTRITY s I=14N)

FORMAT(LHO, AXOHA/TAYL =EL2.445XBHI/TAY2 =E12.4,5X8H1/YAYS TE12.4,

1 SAAHL/TAYR =EL12.495XBHL/TAYS =E12.4)
GO To a7
WU=SGRTLROOTRLI*¥23ROOYI(L) ¥42)
Zu=«ROATRIL) 7 WG
GO TO tilbledlblsdbloiel iu?),L
N=N-3
GO TO (23424) 4N
L=2
GO TO 104
L=t
GO Y0 104&%

ROOTR(S) ==RONTR(E)
WRITELG 236 Z4 4 WayZ3 4 HILROOTRIS)

FORMATIIHO 1 X 4BHZAYL =E12.G4, 54 6HNAYL =E12.4,5%,BHZAY2 FE12,445X,

16HWAY2 =E12.4,3X,8H1/TAYL zE412,4)

GO TO 87

ROOTR{II==-RDOTR {3}

HWRITELG 4 30) 2ty gy Wi o Z2 4, W24 ROOTR {3}

G0 TO 87
HRITEIG64+5S3IROOTR{I)I JROOTRIGY o Zhy W4, ROOTRIS}
GO TGO A7

L=3

Gn 70 133

ROCTRIL1I=~-ROOTR(L)

ROOTR(41=-ROOTR{GL)

WRITE (6,18)R0O0TR(1) +Z1,K1,RO0TR {4}
FORMAT L 1HD, LXBHI/TAYL =EL12.4y5X6HIAY =E12.4+5X6HHAY
18HL/TAY2 =E12.4)

GO TO 87

WRITEIB.19)

FEl2a k5K

FORMAY{1M0,1X%*IF YOU GET TO THIS STATEMENT, YOU HAVE A SERIOUS*

1 * PROGRAMHING OR LOGIC ERROR*}

GO To a7

ROOTR{1)=~RODTRIL}
ROOTRY2¥==ROOTR (2}

WRITE (64.20)R0O0TRIL) ROOTR(2Y,73,W3

FORMATCLHO» 1 XOHI1/TAYL =EL12.beSXBHL/TAY2 =E412.4,5XEHZAY

15¥EHHAY =E12.4)

124

SEL24 4y

a7
aa73L0
garaze
007338
Q07340
po7350
007360
B07370
0073ass
007390
ga7u4Re
007418
007420
087430
07440
017 «50
207460
Ba7470
007480
007430
9a7500
807518
047520
007530
007540
0075540
007560
aa7svo
007580
0a7590
007600
007610
a07624
907630
Q07640
807650
007660
J07670
Dd7680
007690
Ba7700
9a7710
e07720
anr7io
0a77ud
007750
ga77ed
aor7vo
an77ac
807790
007800
007810
447829
1972830
earegp
0a7ase
007860
po7era
007680
407399
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[ X X+ ) GO0

161
179

22

153
Sk

182

51

123

129

139
137

140
tu7
148

309

314

1005

113

206
207

LATERAL-DIRECTIONAL PROGRAM LISTING

GO TO 87

00 179 I=i,N
ROQTRIIY=~ROOTRLI)

WRITE €6,22) (ROOTRII)Iad, N}

FORMATULHO, L XBHL/TAYL =€12. 6, SXOHL/TAYZ =EL2,4y SXEHL/TAYS ZEL12. 04y

ASKBHASTAYG =E£42.4)

G0 TO 87

HRITE (6y54)ZMyHaI3,H3
FORMAT U 1HOs 41X 6EHZAYE =EL1244.5X, EHNAYS ZEL12,445X,6HZAYI =EL2.445X6H007900

1WAY3

2EL2.6)

GO TQ &7

ROOTR (3 =2-ROQTRL3)
ROOTR (&) =~ROOTR (4)

HRITE (645614174, ¥4,RO0TRI3)RO0TR (4)
FORMATI AHO, L XEHZAY <=E12,%4:S5XEHWAY =EL2.4+5XOHL/TAYL =E12.4,+5%,8H008040
11/7TAY2 =E12.4)
GO TO &7

L=5
GO TO
ROOTR

133
(1}=-ROOTR (L}

WRITE (6413 8)ROOTRIL) o Z1eMWL

FORMATCLHO. 2¥ 4THLZTAY =EL14464SXSHZAY =Elb.6+5XSHWAY =ELlh.6)

60 YO

37

NO 437 I=1,3
ROOTRII} =<ROOTRLI)

WRITE

FORMAT(1HO 2XBHA/TAYL =EL4. B+ SXAHI/TAYZ ZE1GaB,5XBHL/TAYY =E14.6)

60 TQ
ROOTR

{6+140YRO0TRI1) ,RODTRI(2Z) +RODTR(I)

a7
(3H=-RO0OTRII)

HRITE (641480 Z4yW44ROOTRIT)

FORMAT(1HO, 2X5HZAY =EL14.6+5XSHHAY =E14. 6, SXTHI/TAY =E14.6)

WRITE 1(6,309)AAYR,BAYP,CAYP,DAYP,EAYP

FORMATU1HOy LX EHAAYP =E13,5+2X6HBAYP =E13.5y2X6HCAYP =EL3.5

L 72XBHDAYP =EL13.5,2ZX6HEAYP =E13.5}
TF(IXY,ER.L1G0 TO t0OS

HRITE

FORMATOLHO,15X*INERTIAL STIBE ACCLERATION TO CONTROL DEFLECTION®)

Anvp
BAYP
cayp
DAYP
EAYP
Jx¥=1
GO0 10
IFtIa

(6,310)

=AR*Us AR®ALYX
=BB*U+BR*ALX+U* AR
=R HCRYALX+U*BR
=DB*U+DR*ALX +U*CR
=U¥DR

314
BS(IOPT) NEL2I60 TD 113

GPTION 2

CALL
PREVI

AQPT{JL}
OUSLY CALCULATED - CONsCONA+COM.ANUM, ADEN,OTR

RUODER

IFtJL
IFCJ1
Y0=YD
ALDP=
ANOP=
IF(YD
IF(aL

«EQs e AND  JJXXEQWL1¥GD TO 230
«EQtIGO TO 250

R

ALORP

ANDRP

120542064205

DPY2a5,2074205

IFCANOPY 205,208,205

125

[TRgT1]
gdz9sto
807920
407939
007940
007950
007960
0079740

007930
a¢soo00
[JE1EE ]
0038920
aped3o

aoagsa
002060
ngsoro
048080
0028099
oos100
90810
agai2d
208130
0081040
gosisa
nlaisd
0asiro
808180
oa8130
008200
008210
gas22¢g
003230
003240
opazsn
00azen
ggaz7o
008280
008290
008308
gd8aLn
948320
008338
408340
008350
008360
aga3ro
008330
008330
008400
008410
goase2a
88430
008440
006450
008460
0038470
po84B0
008494
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LATERAL~-DIRECTIOML PROGRAM LISTING

2¢5  Ji=1 008544
HRITE (6,38) RUN 808510

38 FORMAT{1H1,2%,8HRUN NOQ, A3, SXZ2HRUDDER NUMERATOR ROOTS) opas2g
GO TO 92 poss3n

218 HWRITE (6,209} RUN 008540
209 FORMAT(41M1, 5X8HRUN WO« AZ+/71H0,10X60HTHE RUDDER NUMERATOR ROOTS ANDOABSS0
10 CHARACTERISTICS ARE ZERD. } B0B8560
GO To 259 oOns70

230 WRITE(6,231)RUN ogasen
231 FORMATIIH1 .5 X8HRUN NO. A3+5X*COUPLI NG NUMERATOR ROOTS*) an 8590
J3X%=10 p0asdo

00 232 I1=1,5 Dp86L0
RODOTREILI=D, a086320

232 ROOTI(TI11=10. 038630
WRITE(G,231) 00BEL0D
233 FORMAT(1H=,15X*PHT TO AILERON, BETA TO RUODER*} 803650
ALNLN=ALORP®ANDAP=ALODAP*ANDRP 0586610
YHYN= (YDR*ANDAP-YDA* ANORP) /U be 86Ty
YLYL={YOR*ALDAP=-YDA*ALORF} /U 008630
APB{L} = YLYL 008690
APBLZ2I=ALNLN* (L .~YR/UT+YNYN*ALRP=YLYL¥ANRP pasrae
APB{I V= ~GSG*ALNLN/U o087
IFEAPBI3) EQ.D.3G0 TO 23% 404720

H=2 0347340
CALL DMULRUAPH. NyROGTRO,ROQTION 008743
MM=1 008750

GO To 9 bp8760d

8 IF{ABS(ROOTI(1)).LT.,00010G0 TO 236 0naiTe
WPA=SORT{ROOTR(LI**2+ROATI(1}**2) 0as874b
IPBE==RODTRI{LY/HPB 0a8790
WRITE(G,235)ZIPB+HPD gaasog

235 FORMATLIHO, INEHZPE =Elk.6.5X5HWPE =E14.6) o0gaeld
GO TO 238 ooae20

234 ROOTR(1V=APBC(Z2) Z/APBILLY 228830
IFLAPB{2) +EQ.D. D). OR. APA{I) L,EQ.0.00) ROOTRI1)=0, 008840
WRITE(6,237)ROOTR (1} 038850

237 FORMATU1HO,4XTHL/TPR =El4.56 |} posesd
G0 TD 238 0088790

236 ROOTRI11=-ROQTR{1) ga3ang
ROOTRI215=RO0OTRI2} 908430
HRITE(6,239IROOTRILI ,RO0TRLZ2) gaesdg

239 FORMAT{1HU+3X*1/TPBL =¥EL14. 645X 1/TPB2 =*Elh.6) LLEL-H
238 WRITE(E,240) APBC(1),APBL2) APBI(T) 0048924
240 FORMATL 1HO,3X*APB =*D14.6,5X*BPB =*D1i4, 6, SK*CPR =%Di%.6) a08493¢
DO 241 I1=1.5 0089490
RCOTRITILN=0. 008959

241 ROOTI{I1V=d. 008960
PHI YD AILERON, PSI TO RUDDER BoBa9rd
HRITELG,2H2) aga9sqg

242 FORMATC(1H=, 15X*PHI TO AILERON, PSI TO RUDDER*) 008990
APP=ALNLN*{YVD=1,0~YNYN*ALBOP+ YLYL* ANBODP 009004
BPP=ALNLN*YV=-YNYN®ALBP+YLYL*ANEP 0090149
ROT=BPP/APP sp9gaa
IF{APP.EQ.D..CR.BPP,.EQaf.} ROT=0, 009030
HRITE 164 243IR0T 009041

243 FORMAT( LHD, & XTHL/TPR =E14&.6) 089050
WRITE(G,244)APP,3PF 009060

244 FCRMATLAHD, INAPP =%E14.,6,5X*¥BPP =%EL14.6//715%, agg9a7n
1 *PSI YO ARILERON, BETA TO RUDDER*) [ L1
P51 TO AILEROMN, BETA TO RUNODER | LEDED]
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APSB(1E=YNYN §091040
APSBE2) =ALNLN®YPZ U= YNYNTALPP+YLYL *ANPP a09114
APSBUT) =GCG®ALNLN/Y 009129

N=2 059130
GALL DMULR(APSB,N,RO0TRO,ROOTID} 009140

MM=2 0091543

GO TO 9 Dd9160

6 IF(ABSCROOTI{4}.LT,.,00010G0 TO 246 0491790
WPSE =SORT(ROOTR(1)*¥*2+RO0TI 1) ¥*2) pa918p

ZPS@ ==ROOTR{1)/7HPSH 043190
WRITELG, 247)IPSH, HPEA gasz00

247 FORMATL 4HO, INEHIPSE =E4h. Gk X6HWPSB zE14.6) gpazin
GO YO 248 049220

246 ROOTR{LI=~ROOTR(1) 809230
ROOTR(2)=-ROOTR (2} 9092610
HRITESG, 2431P00TR (1) ,RO0TRI2) Desgs10

249 FORMATO1HD,3X*1/TPSBL =*E14.6,5X*1/TPSB2Z =¥El4.5) atezged
248 WRITE(6,251)APSBU1),APSBI2)+APSBI{I) 199270
251 FORMATCLHD, IX=APSB =%¥014.645X*BPSB =*D1446+5K*CPSB =*024,6//715X, 089280
1*PHI TO AILERON, ACCELERAYION TO RUDDER*H 009294

00 252 I1=4,5 005300
RODTRII1}=0. 0093140

252 ROOTI(IL}=0. op93zp
APAY{1)=UTAPB(1) ¢ALX*APP 009330

APAY {2V =U™APB(2) +ALX*BPP+UrARP 009340
APAY{I=UYAPBI(3) +U*BPP-GSG¥APP 049350
APAY(4)=~GS5G*BPP 9093640

N=3 009373
IF(APAY (4 LEQ.ODDIN=2 1093489
IF{APAY (1), NE.0.DOIGO TO 254 4093940

APAY (L) =APAY (2] 809400

APAY {21 =APAY (3} 009410
APAY{II=APAY L&) 1034290
IFCAPAY (4} . EQ.0.00¥G0 TO 255 a0943c

N=2 D09ik]

256 CALL DMULR(APAY,N,ROOTRO,RO0TID) 809450
MM=3 009460

GO TO 3% 009470

5 TFYABS{ROOTI(L}).LY..0002)G0 TO 257 0394840
WPAY =SQRTIROOTIC(L1I**2+R0O0TRIL)I**2) G39498
ZPAY ==ROOTR{1Y/WPAY 0e9sag
ROOTRU3Y==ROOTR(3) 0095113
IF(NLENLZIROOTRIZI=0,0 0995248
WRITELG +258) ZFAY, NPAYROOTRI 3} 09530

253 FORNAT{ LHO,IX*ZPAY =¥ELl4.GySX*WPAY <PE14,6,5X%1/TPAY =*E164.6} 00956440
G0 T0 260 009550

257 IFC(ABS{RCOTI(2}).17,.0800196G0 TO 259 0095640
WPAY=SART (ROOTRI2) **F2+ROOTI(2) **2) 009570
ZPAY=-RODTR(2}/WPAY 009580
ROOTRALY==ROOTRIL) 009590
WRITE(G4258)ZPAY, WPAY,ROOTRID) 009600

GO Ta 269 0096110

25% ROOTRIL1)1==ROOTR(L} 009620
RODTR(21=-ROOTR(2)Y 409630
RODTREI) ==ROOTR(3) 889640
IFI(NyEQ. 2IRO0OTR{3)=0,0 009650
WRITE(B,261) (ROOTRIL)4I=1,3) 009664

261 FORMAT(1HO,3X*L/TPAY] =%Ei&.6.+S5XPL/TPAY2 =%E104, 645X 089670
1*1/TPAY3 =%tiau.B) 809680

G0 TO 268 009650
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260
262

263

264

268
267

265

270
144

23

LATERAL-DIRECTIOMNAL PROGRAM LISTING

ROT=APAY{Z) FAPAYL2)
IF(APAY(3).EQ.0.00,0R.APAY{2)EQ.4,00) ROT=0.,
WRITE{G,261¥R0T ,RZERD,RZERD

WRITELH 2621 CAPAYLI) s Ial i)
FORMATL 1HD, IX*APAY =*01k, 6. SX*BPAY =%014. 645X *CPAY =% 014.56,
15 X*QPAY =*D14,6/7/715X*PST TD ATLERON, ACCELERATION®
2% TO RUDDER*)

0o 263 I1=1,5

ROOTRII1F=0.0

ROOTICI1V=0,0

APAY{1) =U*APSB(1})

APAY{Z)=U*APSB(2)

APAY( 3} =UTAPSBI3) +GLGTAPP

BPAY{L)=GLG*BPP

N=3

IFCAPAY (4) ED.D.DOYN=2

IFLAPAYLL¥.NELO 0G0 TO 264

APAY(1}=zAPAY (2]

APAYIZI=APAY (3}

APAY{3) =APAY (4}

IFCAPAY(4) L EQ.0.D01G0 TO 265

N=2

CALL OMULRTAPAY,N,ROQTRD,RDOTIUI
HM=4

GO YO 9

IF(ABS(ROOTIC1)).LT..000L)G0O TO 267

WSAY = SART(RCOTR(L)**2+ROOTIC(LI®»2)
I5AY=~ROQYRI(L)/ NPAY

ROOTR{3)==-ROOTRIT)

IFINLEQ.,2IRDDTRIIY=0.0

WRITE(G42683Z5AY, HSAY4ROOTR{I)

GO YO0 270

FORMATU IHO , IXTIPSAY =PELL b, SX*WPSAY =%E14,6,5X*1/TPSAY =*Ein,6)
TFCABS(ROOTINZ2)).LT.+ 0040160 TO 269
NSAY=SORTIROOTRIZ) *¥2+ROOTIL2} *%2)
ZSAY==ROOTR{ZI/WSAY

ROOTRI3) ==ROOTR(3)
WRITE(G+26B) ZSAY, WSAY,ROOTR(3)

GO TO 270

RODTR{L) ==ROQT2(L)

ROOTR (21 ==ROOTR (2]

ROOTR{I) =-ROGTRIZ)

IFINJER2IROOTR{3)=0.0

WRITE(G271) {ROOTRCIN+T=1,3)

FORMATC1HO» IXTL/TPSAYL =PELL B, 5X*L/TPSAYZ =%E14,.€45X
1*1/7TPSAY3 =*EdL.B)

Go YO 270

ROT=APAY {3 /APAYLZ)
IFTAPAYT3) 2 EQ.0.DGORLAPAYLZ2) JEQad DU ROT=0.
WRITE 16,271)ROT,RZERC,RIERC

HRITE (6, 2T2) LAPAYEIN, I=L,4)

FORMATILHO 4 3XYAPSAY =*D0L4.6,5X*BPSAY =¥01l4k,B+50FCPSAY =%014,645%

1*OPSAY =*D1bL. €, // /15X *ACCELERATION TO AILERON,*

2* BETA TO RUDDER*)

DO273I1=1,5

ROGTRITL} =M.

ROOTIATLY=0.

APAY{1¥=ALXTAPSB{L}

APAY{2)=ALX*APSA{Z) +U*APSEI(1)

APAY (3)SALX*APSBIII+U*APSBIZI+GSGLAPSAI1Y +GCG*APB (L)
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989708
0097190
0o9720
009730
009740
ga97s0
009768
oe97ve
0097480
009790
009809
009814
809820
009838
009840
809450
9998560
809379
[IELLL
00984940
oa9g4a0
009910
a09920
009930
009940
009950
909963
0099710
239980
039990
giggan
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gigo2n
010030
810040
01g05¢
110060
n10d7a
010088
0100910
gic180
0410110
010120
910130
010148
010150
010469
010179
0101840
oieian
fig200
010210
gLip22g
nio0z30
810240
g10256
010260
g10e78
010280
010294
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278

277

279

281

275

280
2AR2

LATERAL-DIRECTIONAL PROGRAM LISTING

APAY(4) =USAPSRIT) ¢GSG*APSBL2) +GCGTAPE (2) 910300
NoT 010320
IF{APAY (43 . EQ.D.D0)N=2 010320
IFCAPAY 111 NE.0.D0IG0 TO 274 010339
APAY (1) =APAY (2} 010340
APAY{Z2)=APAY L) 0103590
APAY{3) zAPAY (&) 010360
IF{APAY (4}, EQ.0,000G0 TO 275 0403740
N=Z CECELY]
CALL DHULRCAPAY,N4RO0OTRD,RO0TIO) 010390
HM=5 010400
GO Y0 9 210410
IF(ABSTROOTECL)) LT, 0001060 TO 277 p10420
WAYB=SQRT{ROOTRI1) **2¢ROOTI (1) %+2) 010430
ZAYS=-ROOTRI1)/WAYR 210440
ROOTR(3)=-ROOTR L1} 010450
IFINJEQ.2IR00TR(3I=0.0 818560
WRITE (64 278) ZAYE, WAYBROOTRI 3} 010470
FORMATO1HO s 3XPZAYE =*EL4a 6o SX*MAYE ="E14. 645X L/TAYB =*E14,6) 010480
60 TO 2810 010490
IF{ABSIROOTI(2Y).LT.,0002)G0 To 279 010500
NAYB =SORTIRGOTRI2)**2+RO0TI(21%%2) 010510
ZAYE =-ROOTR(2) /RAYB 010520
ROCTR4Y==ROOTR L) 210530
WRITE(6,278) ZAYE, WAYB RODTR(1) 016540
GO TO 280 $10550
ROOTRY11=-ROOTR(1} 918560
RODTR(Z)=-ROOTR {2} 916570
ROGTR{3¥=-ROOTR(3) 010580
IF{N.EQ, 2IROOTREZ) =0 418590
WRITE{6, 281} (ROOTREI},121,3) 010600
FORMATE 1H0 3%, %1/ TAYBL =*E14,645X%L/TAYEZ =%E14, 6,5 016610
1*1FTAYBI =*E14.6) 016620
GO T0 280 810630
ROT=APAYLI) ZAPAY(2) 310640
TF{APAY{3).EQ.D.N0.0R.APAY{2} .EQ,ua (i} ROT=D. 010653
WRITE(6,281) ROT,RZERG,RZERD 410660
WRITE (642820 CAPAYAI} . I=144) ¥10674
FORMAT[ 1H0, 3X*AAYE =%014.6,5X BAYS =¥D14,6,5X+CAYA =%D14.6, 04CEAD
15X*DAYR =%Ni4,6) 016690
G0 70 259 a1a700
00 7 11=1,5 010710
ROOTI(IL)=ROOTIOITL) 010720
FOOTRCIL)=ROOTROCTL) 016738
G0 TO €86y 5, 4s31HH 016760
END 0147590
SUBROUTINE CHNG{J) 910765

CONMONZBB/RHO Uy SsGRT 4 SPANGIXB G, ALFI,GAMA,LX,CYB,CYBD,CYP,CYR, gLa776
A CYDA,CYDR,CLAB,CLAD4CLP,CLRCLDACLDR,CNDBCNBDCNP2CNR.CNDALCNDR,OLO780
R ALFA,ALFYX,PLT,YBsYBOD,¥P,YR,YDA, LB+LBO+LPsLR,LDA,LOR,NB,NBD, 0107930
T NPyNR,NDASNTR,LBP.LB0P,LPP,LRP,LDAP,L ORP,NBP,NBDP,NPP,NRP,NDAP, §iL530
D NDRP.IZ%,IXZB,YOR oio081a

REAL IXD4LX.LB,LBO,LP,LR,LDA,LORyNB,NBD NP, NRyNDA,NOR,LBP,LAOP, ni0se29
& LPP,LLRP,LDAF,LORP,NBP,NBDP ,NPP,NRP,NDAPNDRP,1Z8,TX 8B 01G83L

NAMELISY/CHANGE/RHO 4 Uy Sy GUT . SPAN,IXB, G4 ALFI.GAMA,LX,CYB,CYBD,CYP, 010840
A CYR,CYDA,CYOR,CLALCLBOCLP,CLR,CLOA,GCLORSCNA,CNBD4CNP 4CNRLCNDA, 010850
A CNORyALFAWALFX,PLT4YB:YBO,YP,¥YR,YDA,YDRLBLBUsLP4LR,L.DA,LDR, 810860
€ NByNADNP4NR,NDA,NDR,LBPF4LADP ,LPP,LRP,LOAP4LDRP NBP 4NBOP4+NPP, 010870
0 NRP,NDAP,NORP.IZByIXZA,TEST §10880

READ{S, CHANGE) 010890

12¢
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TFITESTEQ.LIHRITE LG 4 CHANGE} 013900
TEST=0. 010910
RETURN 610920

END 010930
SUBRCUTINE PLYUP(DATAT+P+PHI+BeNyPROG,RUN,HDS} 010940
DIMENSION OATACLIBY,TEL22Y,P L1220 ,PHINLE2),R{122) PROG(11} 010950
ODIMENSI ONWNS {3) 010960

CALL SCALECT,11.,Ny1) aio970

CALL SCALE(P,B, ,Ns1) Gidong

CALL SCALELPHTI, A, ¢Ny1) a10990

CALL SCALE(B.8.4Ny1) aiipd00

GCALL PLOTU Dasley=3) 0110410

c 011020
c SET UP RXES 011030
c 0110490
CALL AXISCD.y04+19HROLL RATE = DEG/SEC19+8.490.4PIN#1},PI{N+2Y)) [ BRE:LT

CALL AXTSU-4540¢+16HBANK ANGLE = DEGy15+8.,90. 9 PHI(N+1),PHI(N+2}) 011060

CALL AXYISH=L1a 4044 20HSEDESLIP ANGLE = DEG+20+84990+9B{N+1),BEN+2)) 011000

CALL AXIS(Des0usl4HTIME = SECONDSs=14s103s 0 s TIN#1),TIN#2)) Q11100

C @i11410
G TITLE THE PLOY 411120
c 0111390
CALL SYMBOL €2.75+49.004+.2416HTINE HISTORY FOR+0.416) ai1140

CALL SYMBOLRB415+9epa2sH05,04418) 011150

GALL SYHMBOLI3,5+8.84.14PROG{114D446) a111640

00 1 I=2,11 b11i162

i CALL SYMBOLI299,,8,84.1sPROGIIY40,4+6]) 011164
M giiiro
¢ PLOT THE PLOT Aii1180
G gL1190
CALL LINE{T4PyNy14N/b, 1) 011202

CALL LINEST4PHI Ny1sN/ 42} g11210

CALL LINEIT yBaNyL N/ k,5) 011220

c 0i1230
G IDENTFY EACH PLOT 011244
c D11250
CALL SYHBOL (238,90l s8s0.9-1) 011260

CALL SYMBOL (43+8a9ely1HP, 0.1} 011270

CﬁLL S'“BOL tn207-31 oicZ,B-s'i’ 1123“

CALL SYMBOL .37 +8+41¢3HPHI 40443} Q11230

CALL SYMBOL (4247 sbvaleSs0aqy~17 gii300

CALL SYMBOL 1,347 46y 1+4HBETASD. ) 011310

c 011320
G MOVE TO NEXT PLOT AND RETURN 011330
c BL1340
CALL SYMBOL (11.3547.00++1s3HRUNGS0.¢ 3} 011350

CALL SYMBOL (11.3547435941sRUNyD0.43) 211360

CALL PLOT{11.55=14+3) 911370

CALL PLOT{11454%4:2) 911380

CALL FLOT(14ayp=1.4=3) 811390
RETURN 811400

END 011644
SUBROUTINE AOPT(J1) B1is20
COMMON FAAF CONoCONA,COM, ANUR,AOEN; OTR s IROOT TR, TS, 20, WD, E4PER, 11430

1AP W BP ,CP DR G AHBAZCBy DR IOPT A TATBs TCoDATR » TITLELPLTIPLT Q11440

2+ RUN, WO 141450
DIMENSION WORD1 (39 ,HORD2(3} 011460
DIMENSION THUID ZPMO3) . TIMEXCL20) ,PINA4120) ,POAXNT 120} ,B3AN{L2D) qi1470
DIMENSION DATA (438)},TITLE(21) b1i460
COMPLEX COMLiyOENsFNUMyBNUMePOBN 011430
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1010

1011
012

1013
191%

1015

1048

i047

1454
1652

LATERAL=-DTRECTICOMAL PROGRAM LISTING

COMPLEX COM "’ ANUM + ADEN

FUNP(X) =1, /A {ARS X ET T BO¥ X R 24CP* X+ DP)

FUNBIXY =1 . 7A* {AQ*X¥¥ 3+ QA% X** 24 CEB* X4+ D)
PTITI=XKP+XKPR*EE®* (XTR*T} +XKPS*EE"* (XT5*T)+

1 XKPOR®EE** (CON*TI*COSICONA*T+PSIP/OTR)
BTYIT)I=XKB+XKBROUEE*® (XTR*T) +XKBS*EEF*(XTS*T) ¢

1 XKBDR*EE** (CON*T)¥COS{CONA*T+PSIB/DTR}
POAITI=XKPFT+ XKPR*TR¥ ({ ,~EE** {XTR*T) ) +XKF5S*TS5*

1 (1.~EE**IXTS*TI) +CONZ*{EE®* (CONSTY * (COUN*COS(CONA*T+PSIPR)
2 +COMAYSIN(CONAMT+PSIPRI)I+CONI}

DATA TWORDLUT N T=1+43)/724HAILERON STEP INPUT Fy INORD2(I) 4121, 3}
AF21HRUDDER STER INPUT /

IF(TOPTGT. 0. AND.J1.EQeL) RETURN

WRITEL5,1010)

FORMATILHL,2X+BHOPTION 272Ky 24SH=-—»==)//}
IF{IRCOT=-1)1011,1015.+1013

WRITE(6,1012)

FORMAT( /2%, 43HNC GOMPLEX RODTS, REQUIREMENTS DD NOT APPLY)
RETURN

WRITE(B41014)

FORMAT( /2%, 49HCOUPLED ROLL-SPIRAL MODE,s YOU HMAVE FAILED DYNAMIC
. 12H STAGILITY I)

RETURN

INITIALIZATION

XTR=+1,/79

XT52=4.775

EE = 2,71328

IFIABSIXTS) .NF.0.01}G0 TO 1047

WRITEXG,1048)

FORMAYL/2X,43HSPIRAL ROOT EQUALS ZEROQ, OPTION 2 EQUATIONS
. 10K NOT VALID)

RETURN

BANK ANGLE RESPONSE FROM ROLL RATE EQUATION

COHL=-CON

COML=CHPLXICONL ,CONA)

DEN=CON® (COM=XTS)}* {CON=-XTRI* (COM+COML)
RDEN=REAL (OEN )

ATDEN=AIMAG {DEN)

PADEN=ATANZ2 {AIDEN,RDENI*DTR
TFIPADEN.LY 0. 0)PADEN=PADEN+3IE0.

DENR=XTR® (XTR~KTS) ¥ (XTR**242 ., *ZO*WO* X TR¢ND**2)
CENS=XTS*IXTS~XTRI*(XTS**242  #ID* WD XTS+KO**2)

PLOSCILLATORY) /P{AVERAGE}

XkP=0P/E

KKPR=FUNP (XTR )/ DENR

IF(OPNE.D.03G0 TO 2650

XKPS=1, FATLAP*XTS**243PP XTS+CP) /{1, /XTS*DENSY
GO To 1052

XKPS=FUNP(XTS) /0ENS
PNUM=1,FA*(APPCOM®*J+APPCOM**Z+CP*COM+DP)
RHNUM=RE AL (PNUM}

ATNUN=ATMAG (PNUM)
AKP1=SQRT{IRNUN** 2+ ATNUM®¥2) / IRDEN**Z+ATDEN®"2))
XKPOR=Z,% XKP1

13t

811500
giisin
811520
811532
011540
814550
911568
011574
ai1%a0
011590
11600
014610
011620
411630
011640
041650
Q11660
Q11674
0116840
011690
011708
411710
g11724
Q11730
011740
011750
011760
011770
o1i7aq
aL1798
Diiado
011818
811829
041530
011449
011850
011860
011874
011880
011850
911900
811910
011320
011930
011940
441958
D11960
014970
0119840
011990
g12044d
g1201¢
oi2p2a
0120346
0120490
g12050
012060
giz2e7d
eizoeg
042090
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PANUN=AT AN2 (ATRUM, RNUM) *DTR 812198
TF{PANUML LT 0. 0)PANUNZPANUN+3ED . [ J¥o81 ]
PSIP=PANUN=PABEN 012120
PSIPR=PSIP/OTR 912130
CONZ2XKPOR/ (CON**24CONASY2) 012140
CONI=CONL*COS{PSIPR} ~CONA*SINIPSIPR) gLesse
TIME=D. 8 Rizi6e
pP2=-999, ni12170
P3I=PYL{TINE) 012180

J =1 212190
IF(IOPT.6T.0) GO TO 1 912200
TIMEX TS} = TIME giz2218
PIXX(N = P3 g812220
POANX(IY = PDACTIHE) 0422390

1 DO j825 I=1,3 aiz2240
1018 Pi=P2 012250
P2=P3 012261
TIME=TIME+.1 912270
PI=PT{TIME) DiLz22840
J=J & d 012298
IFtIQPT.GY,.0) GO TO 2 012300
TIMEX{JY = TIME 012310
PIXX{JI = P3 012320
POAXXUJS) = PDALTIMED a12330

2 IFIPL.NEL=999,1G60 TO 1320 012340
IFUPIGELP2)GO TO 1018 012358
WRITEX6,1019) 012360
1019 FORMAT(/2X438HROLL RATE REVERSAL, TRY ANOTHER OESIGMY 012379
GO 10 1027 . niz23a8¢

1020 IF{I.EQ.2¥G60 TO 1p21 8123949
IFIPILT,.P2IGO TO 1824 812400

GO TO 4022 Q12410

1021 IF(P3.GT.P2)G0 TO 41024 042420
1022 IF{TINE.LT.11,8) GO TO 1318 912430
WRITE(6+1021) 0124490

1023 FORMATI/2X,44HPEAK ROLL RATE OCCURS AFTER 12 SEGCONDS, TIME, 312u50
* 28H HISTORY LIMITATION EMCEEDED} 012460

GO TO 1p27 ALz2n7e

19264 CALL PEAK(TIME~ .2, TIME=o1,TIME,P1,P2,P3,THAX,PHAX,1,} 012480
THITI =TMAX 012490
PMII)=PMAX 012500
IFC(TI.NEL2360 TO 1025 912510
IF{Z0.GT,..2¥G6C TO 1826 012524

1025 CONTINUE gL2s530
POSPAY={PH(L) +PH{3) =2, #PM (211 /(PHIL) +PMLI3) +2,%PNL2)) 012540

G0 TO 1027 012550

1026 POSPAVS IPH(LY-PHIZI}/(PRILI+PHMLEIY 012560
1027 PZOPL=PML2) FP¥(1) 012570
TEND=TINE ai2588

Jx = J 042590

c 012600
c OELTA BtMAX) 12640
[ 012623
XKB=0B/E 012630
X¥BR=FUNB(XTR} /DENR gL2660
XKBS=FUNBIXTS)/DENS 012650
BNUM=1,/AF(AB*COMT*3+BB*COM**2:CR*COM+DR) 0L2660
RNUM=RE AL (BNUM) pL2e70
ATHUNM=ATNAG {BNUM} 0126890
XKBI=SORT ({RNUMP# 26 ATNUM**2) /{RDENS® 2+ ATOENT*2)) 612690
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XKBOR=2.%XKB1 8127480
BANUM=ATANZ (AINUM,RNUN} *DTR 812710
IFIBANUM,LT.0.0)BANUMN=BANUM+3ED . 012720
PSIB=BANUM-PADEN 01273¢C
PSIBP=PSIA+ATANZ (NGO CONI*OTR 012740
TODR2=PER/2. 212750
THAXL=AMAKL(TODRZ,2.} 8912760
BMAX1=BTITMAX1} 912776
BMAX=0. 012780
BMIN=1. 812790
TEST=0, 012840
TINE=0.8 12810
ag=-9939, a1z282¢
J =1 012830
AF=RTLTIND 312840
IF(TOFT,.LT.O0YEIXX (4 = B3 412850
1031 8i=a2 012860
1032 B2=83 912870
TIME=TIME+.t J12880
BX=BT{TIME) 012890
J=J+ 1 012900
IFLIOPT.LT.0VA3XX{J} = 83 012910
TFEBL.ME.-399.16G0 TO 1036 012928
IF(BI-B2)1033+1034,1035 012930
1033 ITEST=-1 012940
GO TO 1033 012954
1034 B1=-999. 812961
IFETIME.LT.TNAX1)GO TO 1932 gLzare
GO TO 10%0 Q12989
1035 ITEST={ 012930
GO TO 1038 613000
1036 IFCITESY.GT.01G0 TO 1437 913610
IF(B3.GT.B82)G0 TO 1039 0130249
GO TO 1438 213030
1637 IF{83.LY.82)60 TO 1039 0130440
1038 IFETIME.LT.THAXLIGD TO 1334 013058
G0 TO 1043 0130610
1039 CALL PEAK(TIME=42yTIME= 414 TIME+B1,82483,THAX,BM,1,) 013870
IF(ITEST.LT.0)GO TO 1028 013080
BMAX=8M 013090
G0 TO 1829 013400
11258 BMIN=RAMN 013110
1029 IF(TEST.EQ.1.360 TO 1043 013120
ITEST=-ITEST 013130
TEST=4. 013140
GO TD 1038 013150
1043 BMNEG=Q. 0131640
BPOS=0. 013170
TF(EMAXL.GT 0,160 TO 1055 0131840
BNEG=ANAXL 013190
GO0 TO 1156 213200
1055 BPOS=BMAX1 p1321i¢0
1056 IF(BMAX.GT.68.)G0 TO 1857 013220
BNEG= AMINL (BNEG,BNAX) 013230
GO TO 1058 013240
1057 BPOS=AMAXL18POSBMAX) 013250
10154 IFIBMIN.GT.0.3G60 TO 1059 013260
BNEG=AMINL (BNEG,BHIN) pi32re
G0 To 1064 013280
1059 BPOS=AMAXL{BPOS.BHIND 013290
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1060 DBMAX=BPOS-BNEG 813300
GC TO 1041 0133140

1340 DEBMAX=BMAX1 313320
1044 IFC(IOPT.GELUIGO TO 49054 813330
1053 IF(TIME.GE.TENDIGO TO 10%& . 013350
TIME=TIME+. ] 013350
J=Jd o+ 1 913369
B3xXtJ4r = BTITIME} 213370

GO0 TO 1053 013380

C 043330
c ANGLE P/8 013400
C 013410
1054 POBN=COMYANUM 013420
PBANUM=ATANZ (AIMAGIPOBN) ZREAL IPOBNI1*DTR 013430
IFIPRBANRUN LY. 0. 0}PBANUM=PRANUMEIG]. 013440
PRADEN=ATANZ CAIMAG IADEN) 4REALIADENY ) *OTR 013450
IF(PBADEN.LY. 0. 0)PRHADEN=PBADEN+36U. 013460
APDB=PBANUM=-PBADEN 013470

G 913400
G KD/KSS 913490
A 013540
XKDKSS= XKPOR/ XKPS 013510

c 0135240
c WRITE QUTPUT 013530
A 813540
IF(APOB.LLT.0. 0 APOB=AP0OB+JI60, 013550
IF(PSIP.GT.0.MPSIP=PSIP~J60. 0L3560
IF(PSTIB.GT.0.0}PSIB=PSIB=-360, 0135786
IF(IOPT,.GT.0) GO TO 3 013530
HRITE(G. 4} 813590

4 FORNATULIH ,31HTIME HISTORIES FOR A STEP INPUT// 613600

1 10X4HTIME,S5X15HP(T)+ ROLL RATE,SXLAHPHIIT), ROLL ANGLE, 013610

2 S5X41THBETAITY, SIDESLIP/10X,3NSEC:10X7HOEG/SEG,16XIHDEG 20K, 013620

3 IHNEG/ /Y 213630
WRITE(6ySHITIYEXLIYSPINKCI) 4 POAXX LS BIXX(S) 4 J=1,0X) 4136440

5 FORMAT (BXoFBolsbXoEL11ab,10%,EL1.4y12X,EL1la%) 013650
IF(PLT.GTa0,. ANOG UL EQ.0Y CALL PLTUP{DATA,TIMEX PIXX,PDAXX, 013660

1 BIXX.JXsTITLE,RUN,WORDL) 213670
IFEPLToGT0.s ANDe JL1,EQal) CALL PLYUPKDATATIMEX,PINX,POAXY, 013680

1 BIXX+JXy TETLELRUN, HORD2} 013690
IF(PLT.GT 0} IPLT=L 8137040

3 IF(J1,EQ. 1) RETURN 013710
WRITE(D 106 2) POSPAV DBEHAXWAPOB,PSIPPSIBsXKDKSS o XKP ¢ XKB4WPOSPAV, 013720

1 KPR, XKBR,PSIBP+XKP 5, XKAS,P20P1L , XKXPDRy XKBOR 013730

1042 FORMATI/2Xy10HPOSCAPAY = E12.4,TX,07HOBMAX =,E12,hy11X, 11HANGLE 013740
*P/B =yE12,4s #7OXsBEHPSIP =4EL2.498X 06HPSIH =4E124 byl X, BHKDO13758
*LKSS S EL2.%y FANYOUHKP =oEL12.h410XoD4HKB =4EL124 k46X, 16HPHI 0SCO13758
*/PHI AV = JEL2.43/TX+0SHKPR =0 EL12.4+IXU5HKBR =,E12.4,15X, QL3770
*GTHPSIBP = 4E1246 4/ TX4O5HKPS 2,EL12e ko IX»05HKBS =+ ESZ244415Xy 0137ag
POTHP2/PL = E12.45 74X s DEHMKPPDR =,E12.4+6X, JAHMKBPDR = 137940

* vE12.8) 013800
RETURN 13510

END 013820
SUBRQUTINE PEAKIYL,YZ,Y3 X1y X2,X3,PIV,POVyPCTPK} 813830
AZ(LLY2=YIIR(AL-X2V ) =AYV I=-Y2I* (X2-X3INIALULY2-YTD " 013840
LIYI#¥2-y28%2) )~ {UYL-Y2I¥ (YR 2-Y3%2))} 013850

B f{X2=XI) =A% (Y2P2-¥3F*22))/{¥2-Y3) 013860
C=X1-B*Y1-A*Yi¥*2 013870
PIV=-BF{2.%A) 813080
POV={L.®AFC-B** 2} /14, " A} 013890

i34



AFFDL-TR-76-203

M

LATERAL-DIRECTICNAL PROGRAM LISTING

IF(ABSU1.0-PCTPK} =a001) 1,412
POV=POV*PETPK

PIV=PIV+SARTL (PCTPK=-1,0}*POV/AY
FPETURN

END

SUBRODUTINE PLCTS{N)

RETURN

END

SUBROUTINE DMULRICOEL+NyROOT1,R00TI 1)
DOUBLE PRECISION COE4,RODT1,RO0TIZ
DIMENSION COELCLL),RODTLI(L2) ROOTILC12),COELT) ROOTRIGIROOTILE)
NN=N+1

Do 1 I=41,NN

COECIv=COEL (T}

CALL SMULRICOE,N: RDDTR,RO0TI)

00 2 T=1N

ROOT4 (I} =ROOTRI(T)

ROOTILLTY=ROOTI{I}

RETURN

£ND

SUBROUTINE SMULR (CDE,N1,RODTR,RO0TI)

813908
013910
013920
413933
4139649
013950
313390
0139740
013980
013990
diso00
014010
014020
814030
G14l4D
114058
Di40640
J16070
q14088
014090
014400
0141140
014120

B""l".‘l"IIII""U"""."l""".Fl"""'..l'l‘l-‘""".""’"""01“130

RE
TH

WI

1.
2.

3.
4.

Se

OO0 0HNO00O0NONOOONd0D00000Oa00NDa00

POLYNORIAL RGOT FINDER SUBROUTINE ....
ITERATIVE METHOD FOR POLYNOMIAL EQUATIONS asen

THIS METHOD APPROXIMATES THE FUNCTION FUZ) BY A DUADRATIC

WHIGH MAY ,IN GENERAL, HAVE COMPLEX GOEFFICIENTS AND DOES WOT

QUIRE A KNOWLECGE OF THE DERIVATIVE OF F{Z) THOUGH
£ FUNCTION F(Z) MUST BE EVALUATED ONMCE PER ITERATION +ss.

THIS SUBRODUTINE FINDS REAL AND COMPLEX ROOTS OF A POLYNOMIAL
TH REAL GUEFFICIENTS vess

USE OF MULLER SUBROUTINE ssee
GALL SMULR (COE.M1,ROOTR,ROOTIV saae
COE IS THE TAG OF THE ARRAY 0OF COEFFICIENTS.
THE COEFFIGCIENTS MUST 8E ORDERED FROM HIGHEST DEGREE
TO LOWEST DEGREE .
N IS DEGREE OF THE POLYNOMIAL .
ROOTR IS THE TAG OF THE ARRAY WHERE THE REAL PARTS
OF THE COMPLEX ROOTS ARE STODRED .
ROOTI IS THE TAG OF THE ARRAY WHERE THE IMAGINARY
PARTS OF THE COMPLEX ROOTS ARE STORED aes

ALL ARITHMETIC IS IN THE COMPLEX MODE ssse
THEREF ORE UNDER=-FLOW IS5 NORMAL FOR REAL ROOTS sase

MULTIPLE ROOTS DECREASES ACCURACY (F THIS SUBROUTINE »
WHEN MULTIPLICITY IS FOUR THE ACCURACY DECREASES TO
ABOUT TWO PLAGES eaes

RUNNING TIME IS5 APPROXIMATELY PROPORTIONAL TO

DEGREE SQUARED DIVIDED BY THWENTY suss
FOR DEGREE ELEVEN IT TAKES SIX SECONDS eava
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d14150
Gt4160
giuivo
0141860
DiLign
B14200
016240
014220
014230
Dla24d
414250
014264
014274
DikZ8d
0iu299
014300
014310
044320
014330
014340
014350
014360
014370
d14380
044390
01440
014410
014420
014430
[FRTLE
014450
IL4460
DLen?d
01480
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¥ 0146500
q14510

CrY S FRR I FLZ 4RI RN AT IRITRRE SRS RL IS VIPITHINF ST RLRFF TS FLIBSEF A0SR 'I.‘.'—‘Inlh szu
€ 014530
v D154
c 814550
c 014560
DIMENSION COE(1),ROCTR(1) ,ROOTT (L) 014570

c 014580
NZ=Nis1 014530

Nu=0 014600
T=Ni+d 0146140

19 IF(COECI119,47,9 0156240
7 Ni=NG vl 014630
ROOTR (NG ) =0 .0 014640
ROOTI{N4) =0, { 014650

I=1-1 014660
TF(NE-N1119,37,19 016670

3 CONTINUE 014680
t 114690
10 AXR=0.8 014700
AXI=0.10 016710

L=t 014720

N 3=t 114730
ALPLR=AXR Q14740
ALPLI=AXI 014759

M=1 014760

GO 10 99 844778

c 614780
11 BET1R=TEMR 014790
BETLI=TEMI 014800

AXR=D .85 0145140
ALP2R=AXR 014820
ALP2I=AXT 014830

EY) 014840

G0 TO 99 014850

t 014860
12 BET2R=TEMR d14879
BETZI=TEMT 814880

B XR=0.9 014890
ALPIR=AXR 014900
ALPIT=aXI 014910

H=13 014920

50 TO 99 014938

c 814940
13 METIR=TEMR 016950
RET3I=TEMT 014968

14 TEL=ALP{R-ALP3R 0149780
TE2=ALP1I-ALP3I 014380
TE5=ALPIR-ALP2ZR 014390
TEE=ALP3II-ALP2T 015000
TEM=TES*TES+TEG*TES 015010
TEIT(TEL*TES+TEZHTEG}/TEN 015626
TFO4={TEZ*TES-TEL*TEG) /TEM B15a39
TET=TES+1.0 015060
TFO=TE3*TE3-TEL*TEL 045050
TE19=2.0 °*TE3*TEL 0150648
OF{5=TE7*AETIR-TEG*QETIL 415070
DELE=TE7*BETIT+TE4*BETIR 0153880
TE11=TE3*BET2R-TEX*BET21+BETLR-DELS 915090
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TEL2=TEI*BETZI+TEL*AET2R+BETLI-DELS 015104
TE7=TEI=L.0 015110
TEL=TEI*HET2R~-TEL1Q*AET2I 815120
TE2=TE9*BETZI+TELQ*BETZR 015134
TE13=TEL-BETIR-TE7*BETIR+TELQ®BETII 015140
TELY=TEZ-BETLI-TET*BETII-TELO¥3ETIR 015150
TELS=0ELS*TEI-DELE*TES 015160
TE16=DE15*TEL*DELE*TEZ 4151746
TEL=TE13I*TEL3-TELG*TELlh~.0 “{(TELL*TELS~TEL2"TELE) 015180
TE2=2.,0 *TE13*TEil4=~4.0 FITEL2*TELS+TELL*TELE) gis13¢
TEM= SORTI(TEL*TEL+TEZ*TEZ) oi1s200
IFI(TEL) 113,113,112 015214
113 TEL= SQRTI0.5 *{TEX-TEL}) pi5z220
TEI=D.5 *TE2/TE4 015230
G0 7O 111 045240
c 015250
112 TEI= SQARTI0.5 *(TEM+TEL)) 0152640
IF(TE2Y 110,200,200 045270
110 TE3==-TE3 015289
208 TE&=0.5 *TE2/TE3 015290
111 TE7=TEL 3+TE3 015300
TES*TEL1&+TESW 015310
TES=TEL1 3-TE3 015320
TELD=TE14-TEL 015330
TE1=2.0 *TE1S 015344
TE2=2.0 *TEi6 015350
IF(TET*TE7+TEL*TEB-TEQ*TEG-TELJ*TELD) 204,204,205 0152360
204 TE?=TEQ 015370
TEB=TELY 015380
245 TEM=TET*TE7+TEA*TES 015398
TE3=(TE1*TEP+TEZ*TER} /TEH 815430
TEGz(TEZ*TET-VEL*TEA) /TEM Q15410
AXR=ALPIR4TEI*TES-TEL*TEG 815420
AXI=ALPIT+TEI*TEG+TELTTES 015430
ALPGR=AXR 0i5440
ALPLI=AYI 015454
H=t 015460
G0 TD 99 015470
c 015480
15 N&=1 015490
PRI YR YR SR Y o R L S L R R L e Ry Iy R R R R R R RS R T L RN Y PR FLT] ]
38 IFC ABS{HELL) ¢+ ABS(BELL)~1.0E=-20)118,18,16 015510
16 TE7= ABSCALP3IR-AXRI+ ABS(ALPII-AXI) 915520
IFITE7/( ABSU(AXRY+ ABS(AXI))=1.0E=-7118,18,17 015530
SR R L L L R I Y IR L e I P Y PR R S R R L R R L Y L PR T |
17 NI=NI+1 415550
ALPIR=ALPZR 0155610
ALPLI=ALP2I 015570
ALPZR=ALP3IR 015580
ALPRI=ALPII 045590
ALP3R=ALPA4R 815600
ALP3I=ALP4T 158610
BETAR=BETZR #i5620
BETL{I=RET2] 015630
RET2R=9ETIR 115660
BET2I=BET3I 0156540
BET3IR=TEMR 015660
BETII=TEMI 945670
IF{N3-10011%,18,10 045680
18 NG=NG+1 015630
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ROOTR N4} =ALP 4R 015780
ROOTI (N&)=ALPGLI 915710
N3=g 215720
41 TFANG-N1Y 30,37,37 015730
37 RETURN 015740
n"!i'll#'!i#!Ul'll-0.'O'5""#.!'.’!‘..0!!"!4!'8'!""'4’.#"##!!!"!'4‘15750
33 IFC ABSCROOTI(HGY)I=1.0E-5)10,10,38 915760
31 GO TO (32410) .1 045770
32 AXR=ALPIR 015788
AXI==ALPLI a1579¢
ALP1T==ALPLI 015803
M=5 pi5816
G0 To 99 p153za
33 BETIR=TEMR 01s830
BETAT=TEMI 015840
AXR=ALP2ZR 815850
AXI=-ALP2I 015869
ALP2I=-ALP21 015870
M=f 0158890
GO TO 99 115830
[ 015900
34 BET2R=TEHR 015919
BET2I=TEMI 015920
AXR=ALP3IR 415930
AXI==ALP3I 015948
ALP3I=-ALP3I 915950
L=2 315960
M=3 01597)
99 TEMR=COEL 1} 0159890
TEMI=0.10 015939
DO 180 I=1,M% 81604040
TEL=TEMR® AXR-TEMI*AXI 016010
TEMI=TEMI*AXR*TEMR*AXI g160249
100 TEMR=TEL1+COE(T+1) 0169034
HELL=TEMR 016040
BELL=TEMI 416050
42 IFINGY 102,103,102 016C60
162 DD 101 I=1,N& 016070
TEML=AXR~RDOTR{I) 016080
TEMZ=AXI=-ROOTI(I) 446090
TEL=TEMLI*TEML*TENZ*TEM? 016100
TE2={TEMR*TEML+TEMI*TEN2Y /TEL 016110
TEMI= (TEMI*TEML-TEMR*TEN2) /TEL 016120
1df  TEMR=TE?2 016130
103 GO TO (11,12+13:15+33,34),M 016140
END 016150
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010013-02MEDIUN FIGHTER, H=30,000FT, CG=20C, M=.9, PYLON TANKS 815166LAT 13-1

00089307 895. 229%. 25000, 28. 38300. LAT 13-2
75000. =10000. 32.082 LAT 13-3
=02 « 0132 « 025 LAT 13-4
=« 0035 -+ 0085 Q0463 +0098 0051 LAT 13-5
«0054 =o D01k =-.0057 =201bt «003 0025 LAT 13-6

LAT 13=-7
5102-8-02LARGE TRANSPORT, H=30000FT, CG225, M=.745, START CRUISE 8/5/66LAT2-B i
«00083068 T43. 4900. 350000, 200. 210000004 LATZ2-B 2
34000000, 1700000, 32.082 LATZ2~B 3
=145 « 007 -« 0003 0028 LAT2+8B &
-.0017 -.0096 «0035 +00071 «00031 LATZ2-B &
0017 =. 00061 ~o 0041 «008203 -.00132 LAT2-8 &

LAT2-B 7

139



AFFDL-TR-78-203

20*3LES5D0T"
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RUN NO. 013 RILERON NUMERATIR ROOTS

SIJESLIP TO CONTROL DEFLECTION
ROOTS (GOMPLEX FI3IM

.0 1.0
=.12560+00
51610401
1/78B1 = «125534E+00 17782 = =,516108E+08
AB = 0. d8 = ~.TEBIE+GD ce = «3559E404 8 = «HITCEHDD

ROLL ANGLE TO CONTROL DEFLECTION
ROOTS (GCOMPLEX FOI4}

0.
-, 25200400 -.32520+01

-2 26200+00 ~32820401

127 = 0. IP = J79S7BBE-OL WP = . 3292845401 HPHL/WLR = . 401441E¢D1L
AP = L,3202E+i2 B8P =  JAG7BEsDZ CP =  ,3u71E+D3  JP = 0.

YAW RATE TOD CONTROL GEFLECTION
ROOTS (GOMPLEX FORM}

Tl G.0
«2603D+01 - 16560+01
«26090¢01 «lLEE0+0L
-.18090+01
IR = =.B73237I+0cC WR = «298775E+01 /1 = «18093BE+01
AR = +7HbTWBEXC] BR = =,261B28+01 CR = =,395L4E+00 DR = «12396E+02
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OPTION

2

TIME HISTORIES FOR & sSTEP INPUT

FOSC/PAY
PSIP

K

KPR

KPS
MEPPDL

TI

ME

SEC

0

e OO CNMUVIVNVINMA SO FRFFF LSS P R P W WM NN R R e e s 2 s b

LU LI T D [ 1]

o8
vl
o2
3
L)
-
)
«7
.8
«9

-
o

WO NI MF NP OO NS WNPE 0@~ UF AN O0 NOWMS WM, OO RSN NMEWNNPrS O R~ N N

4 % % F 4 4 & 4 & ¥ B = B B F oa % S = s ¥ A S & e m B R B RTE R S S s P a4 s s F S E o oE B A+ oA o oe ooy E

P{T), ROLL RATE
OEG/SEC

«1201E=-37
«3133E+01
»B16C0E 401
+30b&E+D1
«118GE#L2
«1453E+02
«170BE*E2
« 134564052
P2170ERQ2
« 237 BE*QZ
22570E¢02
274SEe02
«Z2906BELD2
«3052E+02
«3J18BE+02
«3308E+02
«3L22E%02
«3S53CERDZ
+J633E+02
«3733E402
«3B30E#Q2
«3926E+]2
“4DZ1E402
«+11LE402
»42040+02
»429C0E%02
«4373FE¢02
«4hLGE+QE
«4G19FE €02
~4SHZ2E+D2
2LBIFEF02
S4BIREH02
«uT28E4+0¢
«47b4WE#02
4795E402
«L322E¢02
+HBUTERDZ
S4BT 2F 402
«w896E£+02
S4QZLERD?
fHOLTERDZ
W4 ITSERIZ
«3003E+02
«530328402
«5060E+02
«SN8BE#D2
«5113E+E2
+5136E+)2
«3155E+{2
«5171E402
«F182E+02
«3190E+4D2
«5195E+02
«5196E402
25197E#22
«51i96E+02
«5195E#02
«5195E+02
a519z402
«5198E+02
«5203E£402
25209t 02
«5216E402
»B223E+02
«5231E%02
«5238F#02
WG2uytele
«52HBERDZ
«5250E+02
-5249E#02

W2743IE=-T2 OBMAX
=.2005E%03 PSI3
Q0. K8
= 58354072 KBR

«SBITES]Z KBS

«RO0IIESF]D HEBP) R

LI L T I T )

PHI{T), ROLL ANGLE BETA(T), 3IDE
Q0EG
0. «0327E-08
«1580E#IE =+3056E-02
+B239ETD ~+9066E-02
«1386E#01 =+1340E-D1
«ZHLIZEFTL ~«1192E-01
«3753E¢01 -«lulyE-l2
$533uE+D1L «2016E-01
»T161ECDY #53u9t-01
+9220E#01 976 BE-C1
v1143E402 «15L4E+GT
«1337E8)2 ~211LE+C T
»1B663E+D2 «273GE 0D
194bERD2 «3345E+00
22243E472 «3906E+0D
225556402 »4336E400
.2840E%0 2 47B2ZE4 00
«321TERD2 +5021E¢0D
+356LE+D2 «5102E+00
3923ER02 «5136E+00
H2A1EL] 2 «SlLZE+DD
s 4B69E+D 2 2502964 00
+5057E¢]2 «4B88E+0D
WHUESLEHDZ 47S4EOD
«»5861E02 J4BSTEL DD
«B27TE#D 2 LB2IE+LCO
ETOZEHC2 4BTOEHDD
WTLIGERD2 «4BOBE+OD
STETBE+DGE «5029E¢0D
+BO2BE+G 2 «5326E400
«8LBOE+DZ «5686E¢00
BIyLEL] 2 WBOTTESDC
+9407ERD2 Buy7 JE+GT
+9B78E+D2 -GBWEE+ DD
«1035E+03 717 BEC (0
+10B3E¥03 LTHITELDD
«1131E¢073 27562 1E+DC
«117IEFU3 W 7T22E+ D0
«1228E#713 STT45E4 DG
«1ZTTERIZ <TT7OLE+DD
#»1326E403 «THO9E+QD
«13TSE+D3 fTHI1E+00
14256403 «7T37JE+0QD
«1475E03 «TEZTOEHDD
#1525E+03 W72L1E+ DO
«15T7HE#D3 ~T207EOD
«1626E+03 fT268E+00
«16TTELL3 «T395E+0C
«1728E403 «TEBZE+ DD
«1780E+D3 «TALITECQOD
»1832E+)3 +5085E+ 04
«1883E+03 28366+ 00
+1935E403 «BokGEFDQ
«19B7E+03 »8B49E+ 00
«2039E#03 +GO095E+0Q0
«2091E433 «9Z2u9EL LD
«Z143E#)3 «934E6E+ 00
+2195E+03 «3385€+00
«224TE#D3 93735400
»2299E+(3 +9322E+00
«Z235LE+D 3 «924T7E+OD
«2h03Er03 +IL64EHDD
«2hG5EX03 +9090E+0C
W 2507E403 «9002E+00
«2559E+23 «9030E+Q0
fE261LE#D3 «9063E+00
«ZBELEHDS ~GL4LE+ DD
«2TL6E+13 9272E400
«2769E433 «9LIAE400
«2821E403 2963 3E+DG
2 287T4HEXD3 +9843E6+00
«53Z2E+ 0D ANGLE F/B =
=+ 2992E+03 KO/KSS =
STETE+DL PHI O3Z/PHI AY =
=+ STEHE+ 1D PSIBP = =
~eG279E+01 pr2sPL =
13HE+ 0
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RUN NO., 013 RUDJER NIMERATOR G0TS
SIJESLIP TQ CONTRD. OFFLECTION
ROOTS (COMPLEX FOz4)
0.1 LaC
+ 92240400
=. 1658000
~10960+02
1/Td41 = =.3223%7E+0°7 1r782 = [ 1-3-74-1 14 A 17733
Al = »1E16E+0C BB =  -,1B9%Es() ce = 1 3LuESD s
ROLL ANGLE IO CONTROL DEFLECTION
ROOFS (COMPLEX FORY)
LY
=« 20830+00 ~ 35350451
=.20830¢00 34950401
/TP = 0. 3 = «594T3TE-D1 WP =
AP = 1624LE4]32 8P = LBTRIEHIL Cp = 219915+ 03 oP
YAAd RATE TO CONTROL JEFLECTION
ROQTS (CUMPLEX FOY)
0.0 3.0
«5202D+iY «13000+01
«5202D+00 -.13600+01
~+165804¢01
IR = =~,357133Z+02 WR = 14 EB2BE+DL 1/TR =
AR = 20261E4C1 3R = 12515E401 CR = Z83485E+70 DR
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2720 E+GD

+ 350160401

Be
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«T1244E+D]
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DPTION 2

TINE HISTORIES FO2 & STEP INPUT

TIME P{T1, ROLL RATE PHI(T)y ROLL ANGLE BETA{T), SIDESLIP
SEC DEG/SEC DEG DeG
0.0 ~LGBBE=Q7 0. «6897E-09
o1 »1387E+01 «7993E-01 62T RE-D2
W2 «31Z21E+01 «3157E+00 ~+5339E-02
3 «4BZLHEHDL «70J1E4DD ~.3078E-01
o 511 2F 401 «1240E401 ~«buB3E-01
5 «7592€401 =1925E+01 ~.1016E+00
«B +3062E+01 WZT58E#DL =«1354E+090
o 7 «1051E+02 «3TITEHOL =.1608E+00
] «3193E+02 «4BEOE+TL ~.1738E+ 00
X «1l329E+02 +Bl21E+01 =-1716E+GD
1.0 ~1453F 407 WT516E+T] -+1535€+00
1.1 «1578£402 «3035E+0L ~+1202E+ 00
1.2 »1B667E*02 «1U6TE#D2 ~.TG0BE-C1
1.3 S1TE5E+¢02 W1241E402 -+«1887E-D1
lots «1871E402 lU23IER02 403 3E-01
1.5 « 19456602 «1614E+D2 L1001E+00
1.6 «2005E452 l812E402 «1542E+00
1.7 «2BE3E+02 «201BE+D2 +1989E+G1
1.8 <ZLL0E#]2 $2224E402 «23L2E+0G
1.9 «21ib3Ee02 243BER0E 249 3E+ 00
240 «2193E+02 2055E+]Z2 +2530E+00
2.1 «2233E%02 «2876E#02 2435E400D
2.2 «227uE#02 «3101E402 22310+ 00
2.3 «2317E#D2 «3331E102 «1954E¢00
2ok « 23632402 «3ERDEL(2 «1645E4+010
245 <241l 2E402 »3804Ek]2 «1345E400
2+ 8 2463402 HOGBERD2Z «1094E¢01
2.7 «2515E402 «H296ELD2 925 3E-01
2.8 25605402 4551E402 28619E=-04
249 «2615E¢02 24BLQERDZ «91541E~-21
3.0 «2661F+02 «SOT73E402 W1084E+CD
31 «2702E402 ZB3LPE#S2 «1354E+0D
3.2 «2T3BT+02 «SBLLE+]2 +1703E+00
3.3 «2TBLE*Q2 «5B8IEH]2 «2100E+C0
3.4 S2THEE+DQZ -6l06E+32 2509E+0 0
3.5 «2B02ER)2 fBhUBEFD 2 «Z83BELOD
3.6 =281 2E 402 SHT2EEFCZ 32265408
3.7 25135402 WTUGBER]2 «347BELDO
3.8 «2B23E+52 S7290E452 «3B32E+ 00
3.9 «28255¥02 FST3ET2 «36BLELDD
4.0 «2830E#02 o TESEEHG2 «3B33E+00
4l « 28352402 281396+92 350700
w42 2BL3E#TC BMZIET2 «3315€+0C
443 «2EBSE#G2 «LTOFEHDZ «3039E+00
Gl 20637 +12 «B394LEF] 2 «ZB59E+ 00
445 «28BEF+02 «9Z281E¢02 «ZB55E+ 00
LY «29052¢32 «957LE#DZ 25036400
w7 29256402 <Q8620+07 LZL22E+DC
LYY A294SE#D2 »1016E+03 «2GZ3E+D0
443 29550402 «1045E+]3 25106+ 00
Sl «29BCE#32 »1075E+03 - 2675C+0C
5.l «2993L+32 «1105E+03 +2905E+00
5.2 «3002F«02 «1135E+03 317 8E+ 100
5.3 #30G7E#02 -1165E+03 W34TIE+ DO
Bal ~3006E®22 «1195E+433 «3758E¢00
5.5 «3005E832 «122BE+13 e J14ECDD
5.6 «3000E+52 1255E+03 Zu220E+DD
5.7 «2394E#02 A285E+13 JW3B0EHDD
5.8 »2987E402 «1315E+03 L2 TEFCD
5.9 «2980E+02 «1345E+13 44235+ 00
£a0 - 2975E+12 «1374HE4D3 243535400
6.1 -2371F402 «1404E#03 «4233E+00
6.2 «29712402 e1434E#03 ~4G81EXDD
6.3 <297 3E+02 «14BGERDS +3919E+00
[ +2977EHDZ «1433E403 «3767E+0D
0.5 «29832+02 «1523C+G3 +JO0LBEFDL
Y] «2ZU91ERDZ «1553€+3 3 3572400
6.7 «2999E+02 #»1583E403 +3555E+00
6.4 «3I00FERNZ «1613E433 «3600E+00
6.9 «301L4E+02 «1643E+03 «37U3E+ GG
7.0 « 3319702 167 3E+DS «3JUSHE+ED
7.1 «3621E%82 «1703E¢#D3 405 1E+OC
T.2 « 30218442 W1T3LERDT H2bGELDD
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Q0+36T¥2¢."
BO+36893E6E"
TG43TOwG2"
20+35HhBET"

JIS/SITAD 004399200 T"
J35/0vY 00+3eRE9HY" =

o436 125"~
0o+30¥9%"
Z0+30077°

00+36SEG" -
go+39£02°
20+32LLT"

20-30287* -
£0=-3007E"
20=-3p092"
|
ge+300%2"

i n [

= 235/8537040 T0+3EBTIET"
HooHM 03S/0¥H T9+33599598°
dHON 60+3Zc0T* = Jd¥ON 02437602~
[-E-1th 00+3EGL+" = d¥737 031+32e62"
XTI BO+30BHE" = I1 g3+30012°
HON T0=-3F2H2E6° = ¥CN Go#30H2Z" -
Ha7 00+3299+" = v01 0Ne3460€ "
HOA TO+3IE06T* - = ¥OA Ti+38L65"
BAND £0-30802" = VONZ 20-380Tn* -
weD £0-3009TL" = ¥a1d 22=-3¢05E *
HOAD £0-3600E"- = ¥aAC 20-3093t"
X *T = YHYS "c
axI fo+3ca02" = NydFE 9¢+30039E "

= d¥N
= d¥%7
= XY

= ¥N
= ¥
T

= uN1g
= W13
= ¥AD
= T4y
= 1M9

993/6/49

SNCTLINNS ~JJSHNVHL TUNOTLC3RI0 vy :ilVd

CC+3£228° = OIlv¥ Vi35 0L IWd SZWTIL 03¥WYNDS DIud
J043F74T" = T3A ATND3 0L IHd
TO+30ETT" = CILY¥ vl3g 01 IHd
Z20-35896T" = 3 DO+3I5ETES” =0 00+26059E" = 0 TO+3LEETT" =9 Ti+300007~ = v
SINIIII 44500
= DSHOM 0nedlggne” = UOMANZ42
*dHY HINIL FNO 0L SITIAT ¥3IAD 3INC TO+3IQLQFT * = *ddy 47vH 041 S3IITAT WZA0 3IBO
= "dWV HIN3L 3INO O S310AZ 00+35940) ¢ = *dH¥ JIYH 01 §371240 FO+3TETHL" = ¥OoL
“dHY HIN3L 3INO 01 JHIL To+3TLLQ€" = "Wy 37¥H OL 3RWIL TO¥3TEREL = 01

300H 17T0W HJLND

orC+3InBLZHT” = ¥i2 Tr+305790% = ¥l §I+43902hHew" = 81
EC+0d72v6 "~
Ze~0epg2t~
JA+0EIRRG" - g0+02Z2T "=
00+CE3IMB " oo+g2z221"~-
3°C 0*p
(w304 ¥3IdHDI} S100Y
SL00Y HMOLYNIKONIO TUNOILZZHIO Ty:3lyl
TI=-31194%*- = ddN "0 = d40BM cQ+369£9" = diN
J0+395¢49*- = dd7 . "0 = 4087 10+39207T°- = d&67
*ro= X40v 0 = waTe 0= T4
CAwIdyd S3LILYFIUCC ALTTIIETIS TYNQISNZWIQ
TO=3ELEE*= = dN *9 = dBN rp+32069* = BN
GR+7¢E%g"=- = 41 *7 = €87 TC+36TTT*- = 8N
*o = dA "I = (8 21+3A0GZE- = BA
SAATIRATUHIO ALRINIEW]E TUNDISMIWIG
*0 = X4y ‘S = vdw
£0=-30019*- = dND "1 = Q08NT cl-3002%" = 8NJ
23-300°6*= = d10 *3 = penc ¢3-300L%°*- = €73
"1 = dAD *h = QHAD TC=305+%T"- = GAD
Ze+dange* = 92 2E#Z00LT" = €Ix1 FR+3000E" = 8T
M0+3006R" = 8 ECL+3CZRL" =N £0-34068" = OWY
338930 34 (TWNOISAIWIO-NCA) WIVD INoNI
ISINUA Lwyle fengt=| $62=90 FLl40I00€=H “L1EDQSNYYL 3BurT
B=2 *ON hNa

/v =0 SL00H
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RUN NO. 2-3 AILERON NUMERATIR ROOTS

S1)ZSLIP TO CONTROL DEFLECTION
ROOTS (GOMPLEX FDV)

0.0 4.0
Li960+00
=.9339D0+§0
=, 41360402
1/T31 = -,113553€+00 /182 = 2439902500 17763 = +HI1B598E402
AR = -,2502E-i2 BE = ~,10B1E+(D C8 = -.3%22E~-01 0B = $HBLTE-L2
ROL. ANGLE TO CONTROL DEFLECTION
ROOTS (COMPLEX FOM)
0.
=+ 2J220+00 «32410+¥[ 0
=.20220+00 ~+92510+400
1/TP = Q. 3 = «212B%6E+0D WP = «949864E +09D WPHI/ WDR =
AP = «L7E3EI0 BP = +1322E400 CP = 4289E¢ 00 GP = 0.
YAW RATE TGO CONTROL OEFLECTION
ROOTS (GOMPLEX FOIN}
0.0 .0
+96900-01 wGGh50+G0
«36900~01 = kbu 50400
= 8171D+00
IR = =.21299+E+00 HWR = “54967E+00 1/TR = WBL7O0TS+0D
AR = «10B19E+00 BR = «66133E~01 ECR = «G1653E=-02 OR = W1 7959E-01

146

«111010€402



AFFDL-TR-78-203

OPTION 2

TIME HISTORIES FJ2 A STEP INPUT

TINE 2(T), ROLL RATE PHI{(T}, ROLL ANGLE BETA(T), STOESLIP
SEC DEG/SEC OEG DEG

0.0 +1318E~18 Q. ~+3020£-13

+1 «4573E-13 «2316E~02 =« TBEBE~U3

w2 »A813E-01 «9036E-02 -+ 2489E-02

3 #«1275E4I0 #«1984E-01 -.5076E-02

ol «1043E+0D «Iuh5E-D1 -+843TE-D2

5 21380E+0C +5Z61E-01 ~e124AE-D1

) «2307E+0D «?4G9E-01 ~el711E-01

o7 «Z2603E+010 +9BH9E-QL ~e2225E-01

«8 « 289LE+DD »1262E400 ~«2TBOE-0O1

%] «3162E+CT +»1565E+00 -«3368E-01
1.0 «JLLGERDD «1894E#3) ~a3981£-01
1.1 +JE65BE+GE «224BE#DJ =.4510E-01
1.2 +»3B88SE+GC «2625E431 =a5243E-01
1.3 wH101E+D0 «3024E+] 0 -+5889E-01
Lok +430TEX00D «3LLEEFDD =a6524E-01
1.5 «4503E+01 +3IBAGETD ~«T146E-01
146 +W6I0EX0D «H3IUSEHND ~«7750E-01
1.7 «4867E+00 «4B823E+DD -«B8329E-01
1.8 «5036E+00 +5318E4D] -8879E-01
1.9 «5196E+00 «SB30E#])D =29394E-01
240 «5347E+00 «GASTEHDL =«9869E-01
2.1 «S49GE+GD +6899E¢13 =+1030E+00O
22 «5626E+00 «74SSEHDD =.1069E+ 05
2.3 «5753E+100 «8024E+00 =+1102€+ 04
2ok «587T2E+10 «8605E+3G ==1130E¢0G0
2.5 +S98uE#00 +9198E+ 170 ~+1153E+ 00
2.6 «BOBTEID «9802E400 =«1171E+ D0
2.7 +6183E¢00D +1042E+01L ~.1182E+00
2.8 «b2T1E+00 «1104E#D1 -«1188E+00
249 «6351E¢00 «1167E€+J1 =+1138E+00
3.0 ~6423E¢00 «1231E¢0% ~«1182E+00
3.1 ~BRBIE+00 «1295E¢31 ~el1T7 1E+DD
3.2 «6S4S5ER}D «1361Er01 =«1154E+00
3.3 ~6595E400 21426E* 91 +e1132E+00
3.4 «663ITESDD «1492E+01 =«1105E+00
3.5 «0672E¢00 «1559E+01 =«107 2E+ 0D
3.6 «B6T01E+0C 16268401 =«1035E+ 00
3.7 -6722E4+00 +1633E+]1 =334 3E-01
3.8 «B6736E¢0C «1760E+01 ~»9491E-01
3.9 «B7WSE+Q0 «1828E¢J1 =+9002E-01
4.0 wETR7E#GT «1895E%01 ~oBLB0E-C1
el wEFLIE+DD «1963E:01 =«7928E-11
42 «6TIHEC0D «2030E«J1 ~«7352E-01
4.3 «G719E+0T «2097E+G1 =+6754E- 1
ot «6TOOE#+NT «2164E+01 =obl40E-01
b5 «6bTHESGD »2231Ee01 -.55126-01
4.6 «BbLBEXDD «2298E¢01 = k876€E-01
ba? «6616E+0C 22364E+01 = 4235E-01
bel «6581FE¢00 »Z2W3I0EHDL =~ «3594E-01
49 «6563E+0D ~2hIGE+GL ~«Z956E-01
5.0 «bS02E +05 «2561E+D1 ~«2325E-01
5.1 «6459E+00 «26256E401 ~a1706E-01
5.2 « D41 SEOD «26b9DE#J1 ~e1101E-01
543 «53I69E+00 +27SLEH] =514 S5E-02
Sk «6322E¢00 «2810E4D1 «5097E-03
5.5 ~6274E+00 «2B81E¢01 »5924E-D2
5.6 «62ZTESDLD 294 3E+D1 «1107€-01
57 «B179E+00 «3005E+01 «1592E-01
5.8 «6132E¢00 «3067E+#D1 «2066E-01
5.9 +5086E+00 +J12BE+01 «24H66E-01
6.0 ~60h2E4+00 «J1BBE*D1 «2852E-01
6.1 «5993E +00 «3249E4D1 «3Z01E-81
6.2 «595TE+D0 R ELLIXI 3] «3513E-01
6.3 «5318E+00 »3368E#01 «3766E-02
Gy «SAB1E+20 +34ZTEsD1 +&021E-01
6.5 «3BWTESOO =3485E001 +4218E-01
6.6 ~5815E+00 =354L4ErDL «4ITSE-B1
6.7 «STBTERGL «3602E¢D1 «&u95E-01
5.8 «5761E+00 +3659E+01 «45TTE-D1
649 «5T3ISE+DD «3717E8D1 «hE2IE-NL
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7.0 #57Z0E+00 «37TT7HEDL «4B3FE-01
7ol «STO4E+DD «3631EFDL f4B09E-01
7.2 «3H91E400 «3B8BE+01 D455 2E-DBY
7.3 56828400 «39645E401 +4465E-01
Tel «5H7RE+IC «4J02E+01 »4369E~01
Te5 «SHTLE+DD »4059E+GL W4206E-01
746 W BT SE+ID We115E+01 «4033E~D1
7.7 «56THE+OC WH172E401 «3851£-01
7.4 +56B5E400 W229E¢0L e 364 2E=01
7.9 «5695F#1C w28BEF]L e3ut7E~DL
8.4 wSTO7EXDOD «L343E+DL «3178E-D1
8.1 W5T22E¢00 +Wu0GE#DL 2927E- 01
§.2 «ETUTI4GD WWETESDL «ZBHTE-04
8.3 «STBGE+DD «4BL5E#D] «2401E-01
Sk «5TB1E+0QD HETIERDL «2131E-01
8.5 2HB0SE+CT «4B30E#0 L «1861E-01
B.6 «5BI0E+DD «4BB9E40 Y4 +1592E-01
B.7 «5B57ECDL HTLTERD L «1327E-01
8.8 «GBBLE*DD +4B8DBE+DL «1069E-01
8.9 «591 3E+0C «H865E+D 1 «6190t~02
9.4 «59L2E+00 «HIZLEFDL «5813e-D2
9.1 «5972F+00 vt 98GE+D L «3GEQE-C2
9.2 ~5I01E#00 504 3E+01 «1457E-02
9,3 «HO3LE#DE «5104E+C) “ 4 TBGE-G3
Gub «bJB0E+0D wGLHLE+DL -eZ231E-02
9.5 «5089E+00 +5225E401 -.3767E~02
9.6 ~5118E+30 «5286E¢11 -.5133E-02
9.7 «0145E+00 «534TERTL ~.b6258E-02
9.6 +017 15400 «BLO9E+DL -«T155€-02
9.9 51965600 WSLETLERCT -+ 7817&-D2
i0.¢0 +HE2TEF0D «5533E401 - 8237E~-02
13.1 WB2LEZT 4TS +BGA5E+ 21 =aB4l0eE-02
10.2 «0263E¢00 »SB5BE#DL = 83ubE-02
10.3 GeGlE+00 «E72C0E+2L =805 3E-02
1044 529BC#0D LETAIERGL = Tu47B8E-D2
10.5 «63130+00 JH8UBEST L ~sbod5E-02
10.6 «032LFE+00 «5SC09E+3L -.5850E-02
1.7 633HT 00 «S97IERDL -a44)9E-(2
10.8 SBIGLE+TD JBDIBEFSL -+29%1E-02
10+8 WB330E+20 «G1C0E+SL - 120 7E~(2
11.0 «63560E#I0 «B1B3E+01 6037E-03
11.1 B35 LELQDT WB22TE+D1 JEBSFE-02
11.2 «OISEE4QT «8290E+21 el CE-C2
POSC/PAY = TLldeE=01 uaMAX = «L139E+02 ANGLE P/ = WlLSTE+T S
PIIP = =.19209+403 P3I2 = =-,33E7£+03 KD#KSS = «16809E+0C
KP = [N <8 = «3556E+ 01 PHI USG/PHI AV = STIBGE-CL
KPR = «,51242¢7) KA =  =.ubG3E-(1 PSIgP = «1225E4+6 3
KP3 = B2ILE+I0 K35 = =.3b11E+il P2/P1 = «EBLO0GE+OD
KKPPDR = 11250420 MRBPIR = «116BE+0D
RUN NO, 2-8 RUDZER WJUMERATOR 00TS
SIJISLIP 10 CONTHDIL ODEFLEGTICN
ROOTS [CUMPLEX FOR4)
. ZWC
+10310=01
-.G05604+00
~,22G70+02
1/731 = -,103i3°F=01 14782 = 9056085+ " 14133 = W220:95E+0 2
AR = 2391001 853 = fHLILEHED o8 = IR AT JB = -+%Z21vE-02
ROLL ANGLE TO CONTRCL OJEFLECTYION
KOGTS (COMPLEX Fa4i
0,
21590401
=.13650+01%
1/TPL = 0. 127P2 = =,214901E+01 1/7P3 = «130a By +01
AP = J1B102+30 BF = =-.1703E+l0 CP = =a+7230+L IR = i
Yod “47e TO COmTRI. DEFLECTION
ROOTS (CIYPLEX FOARM
[} 1.0
~e21530=01 = 18330¢0C
-, 2150D0-01 «1333D4GC
-.93070+409
IR = v 116435 E40 L WR = +2010933E+00 1/TR = G307 HZTH0G
BR = =.5927832Z+]° 3R = ~ub1u20E#Yd CR = =-,32489E=01 3SR = = 1i9H857E-[L
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OPTION 2

------- -

TIME HISTORIES FO4 A STEP INPUT

TIHE {1y, ROLL RATE PHI{T}, ROLL ANGLE BETA(T), SIDESLIP
SEC DEG/SED DEG EG
9.0 A T994E-1u d. »2663E-08
o1 14687-01 «7513E-03 4905602
2 «255%5E-01 W2782E-72 «1495E-01
.3 «33055=C1 eSTuIE-02 «2973E-01
[ wJEBUE=DL «9269E-052 P I0EE-DL
5 »368LE-02 »1299E-11 FETLE-01
1) «3305E-31 «1651E-01 210036+ 00
% -25328-01 «194BE-C1 »1316E+00
+d «1383E-01 «2145E-0D2 +1663C+00
.9 =.1391c-02 «2210E=-01 204 GEFGD
1.0 -« 2023F=C1 «2105E=-51 e2uH3EFLG
1.1 = a256E=-01 «1795%E-J1 «Z2869E+ (0
1.2 =+ 5820E~01 «1242E=01 2 3313E+0 0
1.3 ~a3B96E-01 «W131E-02 37T IE00
1.4 =.12B0E+0% ~«7J65E=02 »4PuSEFDD
1.% =« 1629E+00D =+2162E-31 47245400
1.5 -»19986E+00 -.3973€-01 «5206E+ 010
1.7 -« 23852 #04 =.6162E-01 112 TX 3R]
1.8 =.2791E40C =«BTH9E~-01L «b168E+00
1.9 s 321 30%00 ~elATSE#DT LBELLIEFDD
2.0 =+ 3048BE 0L =+1518€+01 «T103E+ DD
2.l - 4L091E+00 ~«1905E¢+02 «TE51E4 00
2.2 =~ kBUNERIG =+2336E+03 «7933E+00
2.3 =.4J93E+LN =2 28136400 +8396E+00
2ol ~+5445E+00 =+ J3IGEHDT «GTBTE+QD
2.5 =+ 5994410 =+3992E+37 «915 364010
2eb =«D3IJEE#LL ~ 1451 3E+3] «9494E+ G0
2a7 ~+07TUE+OL ~+51B9E+07 «9805E+DD
248 =»7131E+0C =~+5B67EHDL «10J9E+01
249 =+ 7T598E+LT ~+B60FEHLT «1034E+01
3.0 =.T9BIE+I0 = T386E+]J «105RE+DL
3el ~«3359E+0( =+ B204E+TE «1074E+D1
3.2 =+ 370U2E+QQC =«30BT7EF]D 10895403
3.3 -+ 9J3CSE+JE =«9345E+0 ] +1101E+01
Jale -+9337E+00 ~.1086E£+01 «1109E+401
3.5 -2 9612E+00 ~+1181E+01 21113E+0L
3.b -« B5459E+0C -«1278E+01 W1115EF 01
3.7 ~a1008F+01 =+1373E+01L 2111 3E+01
3.8 ~.1027E¢D1 ~L14B80E+]L «110BE+01
3.9 =~ 1042F ¢01 ~«1583E+01 «1039E+01
4.0 -+ 10555401 -«1688E+J1 «1068E+01
4.l ~2 1765401 -«1794E+YL 1G74E+DE
LY -« 107 2E4901 ~«1901E#01 «1057E+DL
4.3 -=107HhE+0L -.2009c401 103BE+01
LY ~e 107EE+C1 ~«Z2116E+01 «1J10E¢01
45 =~ 1074E+DL ~+2224E+]L 99236400
U] ~a1063E+01 =.23315401 «96bBE+DL
47 == 1C0B1E+0Y ~.243TESTL +9339IE+ (D
LIy -« 1050E+01 =e2543FE+C1 «910GE+QD
4.9 ==1037E%01 =.2647E* 0L -880EBE+ D4
5.0 ~1022E+01 ~«2TB0E#QL w8497 E+OC
5.1 -« 100BE+C1 ~oZB52E¢01 +8180E+ 00
8.2 -« 3854E+00 =+ 2951E471 «FO59E+00
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5.3 -« 960435400 =~ J0LYEFOL T53BEL 0T
Bk ~«I41bECGL =e3144E+DL «T212E400
a5 =+ JLTEESQC =« 3237E+DL «BA90E+D 1D
5.6 =~ 8924400 -.3327E+01 65736400
5.7 -+ 866725400 =e3415E401 «6262E+ 00
5.4 ~«B8393E+0C ~e3501E401 596 0E+ 00
5.9 ~.81182+00G ~+I5B3E+01 WDBBBEL DO
6.0 -« 7841E+QC =+3563E+01 «5389E+0D
Bal ~+7562E+00 ~o3740QE+OL «GL23E+DD
B2 =« 7ZBLERDD -+3814E+01 WHB73EFDD
6.3 =+ 7T009E+0D ~+38BBE+IL 2 4BLOEL GO
belt ~-B73GE+CD ~«3954E401 c44ZLEF DD
B64+5 -« 647 HERGD =24020E+01 «4228E400
£.6 =« B220UE4TG =«40d4ErQL «4051E+ 00
6.7 ~«SITLE+EL =« 4145EF01 - 38965+ 00
6.8 = STULE+DD =+ 4203E4]1 +37B1E4GD
6.9 ~.5520F+00 “o42B0ELCL «3643E+00
7.0 ~+2313E+00 —eu3IL4E#DL «ISSTELOD
Tl ~.5122E+00 =~.430HEXIL «3488E+00
7.2 =49 7E D0 = hU1BE+]L «JuqlE+D0
7.3 =« 4+ TBIC¢0C =+4405E+01 «3415E+D0D
Toip ~+4BLIECDD -« 4512E401 34l 0EFDD
Fr- =«452BE00 =«4E58E+D1 34266400
7+ ~eL42ZBE+OL ~HB03IE+DL SaBZE+DD
F.7 =347 F4+00 ~obB47ETL +3517E+0C
7.8 = 427BE 0D ~+4B90ErLL +3591E+ 00
7.9 -+ 423LE406 ~oh732E40L 368 LE+00D
4.0 -.4208E+00 =« 4TTHERDL «3788E+00
4.1 = 4202E+00 ~«4B16E#]1 «3909E+DD
4.2 -« 4213E+00 =+4859E+01 euQUGES DD
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RUN NO, 2-B COUPLING NUMERATOR ROOTS

P4l TO AILERON, BETA 70 RUDDER
1/TR3 = 0.

ARB = «117778)-21 APB = «2636710400 CPd = D

P4I TJ AILERON, PSI TD =UDODER
1/TPP = 9111 439E=0¢8

aep

~e 2680135400 BPP = = ,224200E~-01

PSI Tu AILERUN, BETA TO RUDDER
IPSB = W160257E=-21 WPSS = «312289E+01

APSH = 11363 30-352 BPSB = +1187730-03 cpsgy = +1157250=0u1

PHI T3 AILERON, ACIELERATION TO RUDDECR
1/TPAYL = =,141223E+01 1/TPAYZ = «1l4BBILEH{] 1/TPAY3 = §.

APAY = «8750300+21 BRAY = «BBLELD+0D CPAY = =,181440D+02 DAY = O.

PSI TO AILERON, ACISELERATION TO RUDDLR
IPSAY = 5252L2E400 WPSAY = «977926E 400 L/TPSAY = «514:26E400

APSAY = «8615640¢50 BPSay = -B824830=-01 CPSAY = $2525720-13 DPEAY = = 7334410+00

ACIZ.ERATION TO AILERON, BETA TO RUDDER
ZAYB = 2598130E=11 WAYE = W hl91GELCL 1/TAYB = 0.
AAYB = +88160353400 BAYE = «4 561030400 CAYB = «1721730402 DAYS = 1721730402
PLEASE RETJAN PAPER
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